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Abstract
This paper examines the pattern of foreign direct investment (FDI) in
producer services. We develop a model of FDI in these services and test its
predictions using panel data on U.S.FDI in 25 host countries from 1976 to
1995. We find evidence that, in addition to governmental and cultural
barriers, producer-service firms may face informational barriers to entry into
foreign markets. The presence of such barriers provides a possible










Marc von der Ruhr
Department of Economics
St. Norbert College
De Pere, Wisconsin 54115
U.S.A.       
    
Iruhljq gluhfw lqyhvwphqw +IGL, kdv jurzq vxevwdqwldoo| ryhu wkh odvw wzr ghfdghv￿e| prvw df0
frxqwv pxfk idvwhu wkdq joredo rxwsxw dqg wudgh￿dqg wkhuh kdv ehhq d juhdw ghdo ri hpslulfdo dqg
wkhruhwlfdo zrun lqyhvwljdwlqj lwv ghwhuplqdqwv dqg frqvhtxhqfhv14 Uhvhdufk kdv irfxvhg rq IGL
lq pdqxidfwxulqj> uhpdundeo| olwwoh zrun kdv ehhq grqh h{dplqlqj IGL lq vhuylfhv1 Wkh uhodwlyh
vfduflw| ri uhvhdufk ghyrwhg wr IGL lq vhuylfhv lv vxusulvlqj iru dw ohdvw wzr uhdvrqv= ￿uvw/ IGL lq
vhuylfhv kdv lq pdq| fdvhv jurzq hyhq pruh udslgo| wkdq IGL lq pdqxidfwxulqj1 Lq wkh Xqlwhg
Vwdwhv/ iru lqvwdqfh/ vhuylfh IGL qrz dffrxqwv iru qhduo| 93( ri wkh wrwdo vwrfn ri rxwerxqg IGL1
Dqg lw lv olnho| wr ehfrph pruh lpsruwdqw vwloo jlyhq wkh lqfuhdvlqj vkduh ri vhuylfhv lq wkh JGS
ri wkh Xqlwhg Vwdwhv dqg rwkhu ghyhorshg frxqwulhv1 Vhfrqg/ wkh olehudol}dwlrq ri vhuylfhv wudgh kdv
ehfrph rqh ri wkh nh| lvvxhv lq lqwhuqdwlrqdo wudgh qhjrwldwlrqv1 Exw pxfk ri wklv wudgh lv fduulhg
rxw yld IGL ^XQFWF +4<<3,‘/ dqg vr lw vhhpv wr eh d fuxfldo suhuhtxlvlwh iru srolf| dqdo|vlv wr
nqrz zklfk idfwruv idflolwdwh ru lpshgh IGL lq vhuylfhv1 Wkh sxusrvh ri wkh fxuuhqw sdshu lv wr
h{dplqh wkh sdwwhuq ri IGL lq d nh| fdwhjru| ri vhuylfhv/ qdpho| surgxfhu vhuylfhv1 Lq sduwlfxodu/
zh vhhn wr lqyhvwljdwh zklfk idfwruv dwwudfw dqg zklfk rqhv ghwhu IGL lq wklv fdwhjru|1 Zh surfhhg
e| frqvwuxfwlqj d prgho ri surgxfhu0vhuylfh IGL wkdw lqfoxghv zkdw wkh olwhudwxuh vxjjhvwv wr eh
hvvhqwldo vw|ol}hg idfwv ri vhuylfh surgxfwlrq dqg e| fkhfnlqj zkhwkhu lwv suhglfwlrqv duh frqvlvwhqw
zlwk gdwd rq X1V1 IGL1
Krz pxfk surgxfhu0vhuylfh IGL wkhuh lv lq wrwdo lv kdug wr slq grzq h{dfwo|/ vlqfh r!fldo
vwdwlvwlfv riwhq gr qrw glvwlqjxlvk ehwzhhq frqvxphu dqg surgxfhu vhuylfhv/ dw ohdvw qrw lq doo
fdwhjrulhv ri vhuylfhv1 Lq wkh Xqlwhg Vwdwhv/ iru h{dpsoh/ wkh wrwdo vwrfn ri X1V1 vhuylfh IGL deurdg
dprxqwhg wr ’6741: eloolrq lq 4<<8/ frpsduhg zlwk d vwrfn ri rxwerxqg pdqxidfwxulqj IGL ri ’58:19
eloolrq1 Wdeoh 4 vkrzv krz wkhvh vwrfnv ghyhorshg ehwzhhq 4<:9 dqg 4<<8 dqg euhdnv vhuylfh IGL
grzq lqwr zkrohvdoh wudgh +Wudgh,/ frpphufldo edqnlqj +Edqnlqj,/ ￿qdqfldo vhuylfhv/ lqvxudqfh
dqg uhdo hvwdwh +ILUH,/ dqg rwkhu vhuylfhv +Rwkhu Vhuylfhv,1 Hvwlpdwhv e| XQFWDG +4<;</ s1 455>
4<<7/ wdeohv D14 dqg E14, vxjjhvw wkdw surgxfhu vhuylfhv dffrxqw iru ehwzhhq rqh0wklug dqg 73
shufhqw ri wrwdo vhuylfh surgxfwlrq1 Dvvxplqj wkdw wklv udwlr fduulhv ryhu wr IGL/ wklv zrxog jlyh
xv d urxjk hvwlpdwh ri wkh vwrfn ri X1V1 surgxfhu0vhuylfh IGL ri ehwzhhq ’4461< eloolrq dqg ’46919;
eloolrq lq 4<<81 Vrph ri wkh vwxglhv flwhg ehorz wuhdw doo ri zkrohvdoh wudgh/ frpphufldo edqnlqj
4Vhh Pdunxvhq +4<<8, dqg Fdyhv +4<<9, iru vxuyh|v ri wkh olwhudwxuh1
4dqg ILUH dv surgxfhu vhuylfhv1 Wkh vwrfn ri surgxfhu0vhuylfh IGL zrxog wkhq eh hyhq kljkhu1
Pruhryhu/ vlqfh surgxfhu vhuylfhv vhuyh dv lqwhuphgldwh lqsxwv lqwr grzqvwuhdp lqgxvwulhv dqg duh
qrw hdvlo| vxevwlwxwdeoh iru rwkhu lqsxwv/ wkhvh ￿jxuhv/ dffruglqj wr XQFWDG/ pd| xqghuvwdwh
wkhlu ryhudoo hfrqrplf vljql￿fdqfh1
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\hdu Pdqxidfwxulqj Wudgh Edqnlqj ILUH Rwkhu Vhuylfhv Wrwdo Vhuylfhv
4<:9 ’94/494 ’46/943 ’49/:48
4<:: ’99/366 ’47/:77 ’53/65:
4<:; ’:7/3;3 ’4:/673 ’57/374
4<:< ’:;/973 ’55/9:: ’9/834 ’58/355
4<;3 ’;</493 ’58/;76 ’:/664 ’5:/<5<
4<;4 ’<5/6;9 ’5;/665 ’;/846 ’59/8:3
4<;5 ’<3/8;5 ’5:/77< ’</:45 ’4</4<4
4<;6 ’<3/4:4 ’5;/873 ’8/5;3 ’4:/585
4<;7 ’;8/;98 ’54/44: ’46/849 ’48/9;6 ’7/77: ’87/:96
4<;8 ’<7/:33 ’55/:<3 ’47/794 ’55/834 ’7/9;6 ’97/768
4<;9 ’438/434 ’59/547 ’47/843 ’69/747 ’8/45; ’;5/599
4<;: ’464/978 ’64/;7: ’4;/35: ’86/379 ’9/:39 ’43</959
4<;; ’46;/:58 ’67/387 ’4</43< ’96/6;9 ’:/;9< ’457/74;
4<;< ’47:/<77 ’6;/787 ’4</6:; ’434/3;9 ’44/:69 ’4:3/987
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4<<4 ’4:</563 ’7</<5: ’54/596 ’453/885 ’48/:;4 ’53:/865
4<<5 ’4;9/5;8 ’85/9<7 ’57/986 ’46:/4;9 ’4:/53; ’564/:74
4<<6 ’4<5/577 ’8:/867 ’5:/3:7 ’4:7/4;9 ’4</7;< ’5:;/:;4
4<<7 ’54:/749 ’9:/5:5 ’5</557 ’4;9/88; ’55/685 ’638/739
4<<8 ’58:/8;< ’:4/687 ’63/774 ’545/3;< ’5:/;59 ’674/:43
Vrxufh= Xqlwhg Vwdwhv Ghsduwphqw ri Frpphufh/ Vxuyh| ri Fxuuhqw Exvlqhvv/ ydulrxv lvvxhv iurp
4<::04<<91
5Surgxfhu vhuylfh surylghuv idfh pdq| fkdoohqjhv lq vhuylqj iruhljq fxvwrphuv1 Vhuylfhv duh
gl!fxow wr h{sruw gluhfwo|/ iru lqvwdqfh/ ehfdxvh wkh| riwhq fdqqrw eh vwruhg ru ehfdxvh wkhlu
surylvlrq uhtxluhv iuhtxhqw frqwdfw zlwk wkh folhqw ^XQFWF +4<<3,‘1 Lq idfw pxfk ri wkh vr0fdoohg
wudgh lq vhuylfhv lv fduulhg rxw yld IGL15 Wklv lv dfnqrzohgjhg lq wkh Jhqhudo Djuhhphqw rq Wudgh
lq Vhuylfhv/ zklfk h{solflwo| gh￿qhv IGL dv rqh ri wkh prghv ri vhuylfh wudgh1 Exw vhuylfh IGL/
wrr/ lv riwhq uhvwulfwhg e| krvw jryhuqphqwv/ e| fxowxudo eduulhuv/ hwf1 Krzhyhu/ li rqh frqwurov
iru wkhvh eduulhuv/ rqh zrxog h{shfw wkdw surgxfhu0vhuylfh ￿upv orfdwh zkhuh wkh| ￿qg d odujh
fxvwrphu edvh1 Revhuyhg IGL  rzv dsshdu wr uh hfw wklv/ exw zlwk d wzlvw1 Wkhuh lv hylghqfh
wkdw surgxfhu0vhuylfh IGL iroorzv d glvwlqfwlyh sdwwhuq1 Lq sduwlfxodu/ surgxfhu0vhuylfh IGL whqgv
wr iroorz IGL e| grzqvwuhdp ￿upv iurp wkh vdph krph frxqwu| dqg rqo| odwhu ehfrphv pruh
uhvsrqvlyh wr orfdo ghpdqg1 Lq rwkhu zrugv/ vhuylfh pxowlqdwlrqdov ￿qg lw gl!fxow lqlwldoo| wr
dwwudfw orfdo fxvwrphuv1 Wklv lv vxjjhvwhg e| d qxpehu ri fdvh vwxglhv ri lqglylgxdo vhuylfh lqgxvwulhv
^Whusvwud dqg \x +4<;;, iru dgyhuwlvlqj> Gdylv/ Kdqorq dqg Nd| +4<<6, iru dffrxqwlqj> dqg vhyhudo
rwkhu fdvh vwxglhv flwhg lq Fdyhv +4<<9,‘ dqg e| dq hfrqrphwulf vwxg| fduulhg rxw e| wkh Xqlwhg
Qdwlrqv Fhqwhu rq Wudqvqdwlrqdo Frusrudwlrqv +XQFWF/ 4<<6,1 Vrph ri wkhvh vwxglhv glvfxvv/
exw qrqh irupdoo| lqyhvwljdwhv/ d srvvleoh h{sodqdwlrq lqyroylqj lqirupdwlrq sureohpv wkdw￿lw
lv fodlphg￿duh sduwlfxoduo| vhyhuh lq vhuylfh pdunhwv1 Wkh dujxphqw lv dv iroorzv= Wkh prvw
lpsruwdqw idfwru ghwhuplqlqj zkhwkhu d iruhljq vhuylfh surylghu fdq frpshwh zlwk orfdo ulydov/
dffruglqj wr XQFWDG +4<;</ s1 ;:,/ lv wkh txdolw| ri lwv surgxfw1 Wkh txdolw| ri d vhuylfh ghshqgv
rq wkh frpsdq|*v kxpdq fdslwdo dqg rq rwkhu idfwruv wkdw wrjhwkhu pd| eh kdug wr dvvhvv e|
fxvwrphuv sulru wr sxufkdvh1 Lq rwkhu zrugv/ ￿pdq| 111 vhuylfhv lqyroyh wkh surylvlrq ri ch{shulhqfh*
udwkhu wkdq clqvshfwlrq* surgxfwv 111￿ +XQFWDG/ 4<;</ s1 ;<,1 Wkh sureohp zlwk h{shulhqfh jrrgv
lv wkdw wkhlu surylvlrq pd| eh vxemhfw wr prudo kd}dug1 Lq sduwlfxodu/ vhuylfh surylghuv pd| eh
whpswhg wr plvuhsuhvhqw wkhlu surgxfw dv ehlqj ri kljkhu txdolw| wkdq lw dfwxdoo| lv lq rughu wr
ihwfk d kljkhu sulfh1 Lq oljkw ri wklv/ orfdo fxvwrphuv pd| suhihu sxufkdvlqj vhuylfhv iurp d idploldu
surylghu/ zkrvh vhuylfh txdolw| wkh| fdq dvvhvv/ hyhq li d pxowlqdwlrqdo ￿up surplvhv wkhp kljkhu
txdolw|1 E| wkh vdph dujxphqw/ grzqvwuhdp pxowlqdwlrqdov iurp rwkhu frxqwulhv vkrxog whqg wr
ex| iurp vhuylfh ￿upv wkh| nqrz iurp edfn krph1
5Wklv lv sduwlfxoduo| hylghqw lq exvlqhvv vhuylfhv1 Lq dffrxqwlqj/ iru h{dpsoh/ wkh udwlr ri d!oldwh vdohv wr d!oldwh
vdohv soxv h{sruw vdohv lv <5 shufhqw> lq dgyhuwlvlqj lw lv ;8 shufhqw +Gxqqlqj 4<<6,1
6Zkhwkhu vxfk lqirupdwlrqdo eduulhuv duh lqghhg suhvhqw/ krz wkhlu lpsdfw frpsduhv zlwk wkdw
ri rwkhu srwhqwldo eduulhuv dqg krz shuvlvwhqw wkh| duh ryhu wlph duh hpslulfdo txhvwlrqv1 Wkh rqo|
sureohp lv wkdw zh fdqqrw gluhfwo| phdvxuh lqirupdwlrqdo eduulhuv1 Krzhyhu/ zh fdq wu| wr dvvhvv
wkhlu srwhqwldo lpsdfw lqgluhfwo|1 Wkh lghd lv wkh iroorzlqj= Grzqvwuhdp ￿upv iurp edfn krph duh
rq dyhudjh pruh idploldu zlwk wkh pxowlqdwlrqdo vhuylfh surylghu wkdq srwhqwldo orfdo fxvwrphuv dqg
khqfh ￿qg lw hdvlhu wr dvvhvv txdolw| sulru wr sxufkdvh1 Wkh pruh ri wkhvh ￿lqiruphg￿ fxvwrphuv
duh suhvhqw lq wkh pdunhw wkh eljjhu lv wkh lqfhqwlyh ri pxowlqdwlrqdo vhuylfh ￿upv wr surylgh kljk
txdolw|1 Khqfh orfdo fxvwrphuv vkrxog dovr eh pruh olnho| wr ex|/ surylghg wkh kljk txdolw| lv
dydlodeoh wr doo fxvwrphuv1 Lq wkh prgho zh frqvwuxfw wr pdnh wklv srlqw irupdoo| wklv uhdvrqlqj
wudqvodwhv lqwr wkh suhglfwlrq wkdw wkh vwrfn ri surgxfhu0vhuylfh IGL lq htxloleulxp lqfuhdvhv pruh
vwurqjo| zlwk wkh qxpehu ri orfdo fxvwrphuv/ li wkh udwlr ri grzqvwuhdp lqyhvwruv iurp wkh vhuylfh
￿up*v krph frxqwu| wr doo srwhqwldo fxvwrphuv h{fhhgv d fulwlfdo ohyho1 Zh whvw wklv hpslulfdoo| xvlqj
sdqho gdwd rq X1V1 vhuylfh IGL lq 56 krvw frxqwulhv iurp 4<:9 wr 4<<8/ dqg ￿qg vrph hylghqfh wkdw
wklv lv lqghhg wkh fdvh1
Sdvw uhvhdufk kdv irfxvhg rq IGL lq pdqxidfwxulqj> uhodwlyho| olwwoh irupdo zrun kdv ehhq
grqh h{dplqlqj IGL lq vhuylfhv1 Dprqj wkh h{fhswlrqv duh wkh hpslulfdo vwxglhv e| wkh XQFWF
+4<<6,6/ Ixndr dqg Lwr +5333,/ dqg dq hpslulfdo sdshu e| Exfk +5333, rq IGL e| Jhupdq edqnv1
Wkhvh sdshuv uhjuhvv vhuylfh +edqnlqj, IGL ru vdohv e| iruhljq d!oldwhv rq krvw JGS/ qrq0vhuylfh
+qrq0edqnlqj, IGL/ hwf1/ exw gr qrw frqvlghu srwhqwldo lqirupdwlrqdo eduulhuv wr hqwu|1 Dqrwkhu
h{fhswlrq lv wkh sdshu e| Pdunxvhq/ Uxwkhuirug dqg Wduu +4<<<,1 Wkdw sdshu/ krzhyhu/ lv pdlqo|
frqfhuqhg zlwk wkh h￿hfw ri vhuylfh IGL rq wkh krvw frxqwu|*v pdunhw iru vnloohg oderu1 Sdshuv
rq wudgh lq surgxfhu0vhuylfhv e| Pdunxvhq +4<;<, dqg Iudqfrlv +4<<3d/ 4<<3e/ 4<<3f/ 4<<6/ 4<<8,
dujxh wkdw vhuylfh surgxfwlrq lv fkdudfwhul}hg e| hfrqrplhv ri vfdoh dqg wkdw pdunhw vwuxfwxuh lv
ehvw ghvfulehg dv ehlqj prqrsrolvwlfdoo| frpshwlwlyh1 Krz xsvwuhdp lqgxvwulhv/ vxfk dv surgxfhu
vhuylfhv/ pd| eh dwwudfwhg e| grzqvwuhdp lqgxvwulhv +dqg ylfh yhuvd, xqghu vxfk d pdunhw vwuxfwxuh
kdv ehhq h{soruhg lq wkh hfrqrplf0jhrjudsk| olwhudwxuh +vhh Ixmlwd/ Nuxjpdq dqg Yhqdeohv +4<<<,
iru d uhfhqw vxuyh|,1 Zh/ wrr/ dgrsw wklv pdunhw vwuxfwxuh dqg h{dplqh wkh uhvxowlqj lqgxvwu|
htxloleulxp1 Wkh qryhow| ri rxu sdshu rq wkh wkhru| vlgh lv wr lqyhvwljdwh krz prudo kd}dug pd|
6Wkh XQFWF +4<<6, vwxg|/ krzhyhu/ vx￿huv iurp wkh idfw wkdw uhjuhvvruv duh qrw dssolhg frqvlvwhqwo| wkurxjkrxw
wkh uhjuhvvlrqv1
7d￿hfw wklv htxloleulxp1 Rxu sdshu lv dovr uhodwhg wr wkh olwhudwxuh rq lqirupdwlrqdo eduulhuv wr
hqwu|1 Wkh h￿hfwv ri wkhvh eduulhuv rq lqglylgxdo ￿upv kdyh ehhq lqyhvwljdwhg lq wkhruhwlfdo sdshuv
e| Vfkpdohqvhh +4<;5,/ Iduuhoo +4<;9, dqg Edjzhoo +4<<3,1 Edjzhoo +4<<4,/ Jurvvpdq dqg Kruq
+4<;;, dqg Ud￿ dqg Nlp +4<<<, h{dplqh wkhvh eduulhuv lq wkh frqwh{w ri lqwhuqdwlrqdo wudgh dqg
h{soruh wkh xvhixoqhvv ri jryhuqphqw lqwhuyhqwlrq1 Lq wkh fxuuhqw sdshu zh h{whqg wkh dqdo|vlv
wr h{dplqh wkh hqwu| sdwwhuq lq dq hqwluh lqgxvwu|1 Pruh lpsruwdqwo|/ zh wu| wr hvwlpdwh krz
vljql￿fdqw dqg shuvlvwhqw wkhvh eduulhuv pljkw eh1
Wkh qh{w vhfwlrq wkh sdshu surylghv d irupdo prgho ri surgxfhu vhuylfh IGL1 Lq Vhfwlrq 6/ zh
ghulyh wkh htxloleulxp vwrfn ri surgxfhu vhuylfh IGL lq d krvw frxqwu|1 Lq Vhfwlrq 7/ zh frqvwuxfw
d uhgxfhg0irup hpslulfdo prgho wkdw lqfrusrudwhv wkh nh| suhglfwlrqv ri wkh prgho/ dqg whvwv wkhvh
suhglfwlrqv xvlqj sdqho0gdwd whfkqltxhv1 H{whqvlrqv ri wkh prgho dqg frqfoxvlrqv duh glvfxvvhg lq
Vhfwlrq 81 Dq dsshqgl{ frqwdlqv surriv dqg gdwd vrxufhv1
   	    
Surgxfhu vhuylfhv/ dffruglqj wr Pdunxvhq +4<;<,/ kdyh wzr lpsruwdqw fkdudfwhulvwlfv= wkh| whqg wr
eh nqrzohgjh0edvhg dqg gl￿huhqwldwhg1 Dftxlulqj wkh nqrzohgjh wr surgxfh d vhuylfh uhtxluhv d
elj lqlwldo lqyhvwphqw> krzhyhu/ rqfh wkh lqyhvwphqw kdv ehhq pdgh/ wkh pdujlqdo frvw ri vxsso|lqj
wkh vhuylfh whqgv wr eh uhodwlyho| prghvw1 Khqfh rqh zrxog h{shfw vfdoh hfrqrplhv wr sod| d elj
uroh lq wkh lqgxvwu|1 Wklv wrjhwkhu zlwk wkh delolw| ri ￿upv wr gl￿huhqwldwh wkhlu surgxfw lpsolhv
wkdw vhuylfh frpsdqlhv kdyh vrph pdunhw srzhu dqg wkdw wkh lqgxvwu| fdq eh ghvfulehg dv ehlqj
prqrsrolvwlfdoo| frpshwlwlyh1 Wkh nqrzohgjh lqwhqvlw| ri vhuylfhv lv dovr zkdw pdnhv lw vr kdug
wr mxgjh wkhlu txdolw| sulru wr sxufkdvh1 Qhz fxvwrphuv/ lq sduwlfxodu/ pd| qrw nqrz sulru wr
frqwudfwlqj zkhwkhu wkh nqrz0krz hperglhg lq wkh vhuylfh zloo xowlpdwho| suryh xvhixo iru wkhp17
Surgxfhu vhuylfhv duh lqwhuphgldwh lqsxwv lq wkh surgxfwlrq ri grzqvwuhdp jrrgv/ zklfk iru
7Dqrwkhu lpsolfdwlrq ri wkh nqrzohgjh lqwhqvlw| lv wkdw lw lv gl!fxow wr vhoo vhuylfhv deurdg yld olfhqvlqj1 Frqwudfwv
vshfli|lqj wkh wudqvihu ri nqrzohgjh duh qrwrulrxvo| kdug wr zulwh dqg wr hqirufh1 Krz/ iru lqvwdqfh/ fdq wkh olfhqvru
ghprqvwudwh wkh ydoxh ri lwv nqrz0krz zlwkrxw jlylqj lw dzd| hqwluho|B Dqg hyhq li d frqwudfw frxog eh vljqhg/
krz fdq wkh olfhqvhh eh suhyhqwhg iurp h{sorlwlqj wkh nqrz0krz kh kdv jdlqhg/ iru lqvwdqfh/ e| vwduwlqj klv rzq
rshudwlrqB Vr zh zrxog h{shfw wkh ￿up wr lqwhuqdol}h wkh surylvlrq ri vhuylfhv e| fkrrvlqj IGL ^vhh/ iru lqvwdqfh/
Hwklhu +4<;9, dqg Kruvwpdqq dqg Pdunxvhq +4<;:, iru irupdo prghov ri wkh lqwhuqdol}dwlrq ghflvlrq/ dqg erwk Fohjj
+4<<5, dqg Fdyhv +4<<9, iru dq dssolfdwlrq wr vhuylfh lqgxvwulhv‘1
8vlpsolflw| zh vkdoo vxevhtxhqwo| fdoo pdqxidfwxuhv1 Wkh ghpdqg iru vhuylfhv lv khqfh ghwhuplqhg
e| wkh whfkqrorj| xvhg lq pdqxidfwxulqj dqg wkh ghpdqg iru pdqxidfwxuhv1 Wkhuh duh Q . QW
pdqxidfwxuhuv lq wkh krvw frxqwu|> Q ri wkhvh frpsdqlhv duh vxevlgldulhv ri krph0frxqwu| pdqxidf0
wxuhuv/ dqg QW duh orfdo krvw0frxqwu| pdqxidfwxuhuv1 Wkh pdqxidfwxuhuv duh frpsohwho| v|pphwulf/
duh sulfh0wdnhuv lq lqsxw pdunhwv/ dqg wkhlu surgxfwv duh vx!flhqwo| gl￿huhqwldwhg vr wkdw zh fdq
ljqruh dq| vwudwhjlf lqwhudfwlrq ehwzhhq wkhp1 Wkh pdunhw iru d jlyhq ydulhw| ri pdqxidfwxuhv lv
fkdudfwhul}hg e| wkh olqhdu lqyhuvh ghpdqg ixqfwlrq/ S+[,@4￿ [/ zkhuh [ ghqrwhv txdqwlw|1
Surgxfhu vhuylfhv duh krul}rqwdoo| dqg yhuwlfdoo| gl￿huhqwldwhg1 Krul}rqwdo gl￿huhqwldwlrq phdqv
wkdw wkhuh duh pdq| v|pphwulf ydulhwlhv ri surgxfhu vhuylfhv1 Yhuwlfdo gl￿huhqwldwlrq uhihuv wr wkh
dvvxpswlrq wkdw zlwklq hdfk ydulhw| txdolw| fdq ydu|1 Iru vlpsolflw| zh dvvxph wkdw lw fdq hlwkhu eh
kljk +k,r uo r z+ o,1 Zh wdnh orz txdolw| wr eh d edvlf ohyho ri vhuylfh dqg dvvxph wkdw doo fxvwrphuv
fdq yhuli| sulru wr sxufkdvh zkhwkhu wkh vhuylfh wkh| duh ex|lqj fruuhvsrqgv dw ohdvw wr wklv ohyho1
Orfdo krvw0frxqwu| vxssolhuv surgxfh rqo| orz0txdolw| vhuylfhv1 Krph0frxqwu| vhuylfh ￿upv dorqh
kdyh wkh nqrz0krz wr surgxfh kljk0txdolw| vhuylfhv1 Wklv nqrz0krz/ dffruglqj wr XQFWDG +4<;</
s1;:,/ lv h{dfwo| wkh rzqhuvkls0dgydqwdjh wkdw doorzv wkhp wr ehfrph d pxowlqdwlrqdo dqg frpshwh
vxffhvvixoo| lq iruhljq pdunhwv1 Exw kdylqj wkh nqrzohgjh wr surgxfh kljk0txdolw| vhuylfhv lv qrw
wkh vdph dv kdylqj dq lqfhqwlyh wr gr vr1 Orfdo fxvwrphuv/ lq sduwlfxodu/ pd| ￿qg lw gl!fxow wr
hydoxdwh txdolw| sulru wr sxufkdvh dqg pd| uljkwo| ihdu wkdw wkh vhoohu zloo r￿hu wkhp orz txdolw| lq
rughu wr fxw frvw1 Rq wkh rwkhu kdqg/ h{lvwlqj fxvwrphuv ri d vhuylfh ￿up pd| kdyh dq hdvlhu wlph
mxgjlqj txdolw|1 Wklv lv hvshfldoo| wkh fdvh zkhq zh wklqn ri txdolw| dv ehlqj lq sduw hperglhg
lq wkh shuvrqqho wkh vhuylfh ￿up hpsor|v1 H{lvwlqj fxvwrphuv/ iru lqvwdqfh/ pd| hyhq kdyh kdg
sulru shuvrqdo frqwdfw zlwk wkh vhuylfh ￿up*v hpsor|hhv1 Zh wu| wr fdswxuh wklv e| dvvxplqj wkdw
wkhuh duh lqiruphg fxvwrphuv zkr fdq hydoxdwh txdolw| dqg xqlqiruphg fxvwrphuv zkr fdqqrw18
Wkhuh duh olnho| wr eh lqiruphg fxvwrphuv dprqj erwk wkh krph0frxqwu| pdqxidfwxuhuv dqg wkh
orfdo krvw0frxqwu| pdqxidfwxuhuv/ exw zh h{shfw wkh vkduh ri lqiruphg fxvwrphuv wr eh odujhu
lq wkh iruphu jurxs1 Zh prgho wklv dv iroorzv1 Ohw QU vwdqg iru wkh lqiruphg fxvwrphuv dqg
QL iru wkh xqlqiruphg vr wkdw QU . QL @ Q . QW1 Dvvxph wkdw QU @ ￿Q . +4 ￿ ￿,QW dqg
QL @ +4 ￿ ￿,Q . ￿QW/ zkhuh ￿A3=81
Wkh pdujlqdo frvw ri vhuylfh surgxfwlrq lv lqfuhdvlqj lq txdolw|1 Ghqrwlqj wklv frvw e| f￿ iru
8Iru ixuwkhu uhihuhqfhv rq pdunhwv zlwk lqiruphg dqg xqlqiruphg fxvwrphuv vhh Wluroh +4<;;,1
9l @ k>o zh kdyh f￿ Af ,= Wkh ￿{hg frvw dvvrfldwhg zlwk rshudwlqj d vhuylfh vxevlgldu| lq wkh
krvw frxqwu| lv jlyhq e| I1 Wkh pxowlqdwlrqdo vhuylfh ￿upv duh prqrsrolvwlfdoo| frpshwlwlyh> wkh
qxpehu ri d!oldwhv/ q/ lv khqfh ghwhuplqhg e| iuhh hqwu| dqg h{lw1 Dv iru wkh orfdo vhuylfh ￿upv zh
dvvxph wkdw wkhlu ￿{hg frvw lv }hur dqg wkdw iuhh hqwu| gulyhv wkhlu sulfh grzq wr pdujlqdo frvw1
Qh{w/ zh lqwurgxfh wkh ghpdqg iru vhuylfhv/ lqlwldoo| dvvxplqj wkdw txdolw| lv ￿{hg1 D uhsuhvhq0
wdwlyh pdqxidfwxuhu surgxfhv rxwsxw [ xvlqj sulpdu| lqsxwv/ O/ dqg surgxfhu vhuylfhv ri txdolw|
l/ V￿/ dffruglqj wr wkh Ohrqwlhi surgxfwlrq ixqfwlrq
[ @ plqiO>V￿@￿￿j> +4,
zkhuh ￿￿ A 3 lv dq h!flhqf| sdudphwhu1 Iurp wkh pdqxidfwxuhu*v srlqw ri ylhz wkh gl￿huhqfh
ehwzhhq d kljk0 dqg d orz0txdolw| vhuylfhv lv wkdw surgxfwlrq ri rqh xqlw ri rxwsxw uhtxluhv hlwkhu
￿￿ xqlwv ri kljk0txdolw| vhuylfhv ru ￿, A￿ ￿ xqlwv ri orz0txdolw| vhuylfhv1
Iroorzlqj Khospdq dqg Nuxjpdq +4<;8, dqg rwkhuv/ zh ohw V￿ eh d txdqwlw| lqgh{ wkdw djjuh0
















zkhuh ￿A4 lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq ydulhwlhv1 E| h{dplqlqj d pdqxidfwxuhu*v
frvw0plqlpl}lqj fkrlfh ri ydulhwlhv zh fdq ghulyh wkh frqglwlrqdo ghpdqg ixqfwlrq iru dq lqglylgxdo
kljk0txdolw| vhuylfh/ v￿/ dqg d sulfh lqgh{ iru kljk0txdolw| vhuylfhv/ t￿1 Ohwwlqj s￿ ghqrwh wkh sulfh












Ghqrwlqj wkh sulfh ri sulpdu| lqsxwv e| z dqg wkh sulfh ri d xqlw ri orz0txdolw| vhuylfhv e| t,
+@ f,,/ d pdqxidfwxuhu*v frvw ri surgxflqj [ xqlwv ri rxwsxw zkhq vhuylfh txdolw| lv l @ k>o lv
F￿+[, @ +z . ￿￿t￿,[= +8,
:Wkh pdqxidfwxuhu ex|v zkdw kh eholhyhv wr eh kljk0txdolw| vhuylfhv/ li ￿￿t￿ ?￿ ,f,> zh lpsolflwo|
dvvxph wkdw wklv lv wkh fdvh1 Diwhu sd|lqj iru wkh vhuylfh dqg wdnlqj gholyhu| exw ehiruh surgxfwlrq
wdnhv sodfh/ wkh pdqxidfwxuhu ohduqv wkh wuxh txdolw| ri wkh vhuylfh kh kdv sxufkdvhg1 Li wkh
pdqxidfwxuhu lqwhqgv wr surgxfh [ xqlwv ri rxwsxw dqg txdolw| wxuqv rxw dv dqwlflsdwhg/ kh fdq
frqwlqxh zlwk surgxfwlrq dv sodqqhg1 Krzhyhu/ li wkh pdqxidfwxuhu wkrxjkw kh kdg erxjkw wkh
uhtxluhg ￿￿[ xqlwv ri wkh kljk0txdolw| vhuylfh exw ￿qgv rxw wkdw wkrvh zhuh rqo| orz0txdolw| xqlwv/
kh pxvw sxufkdvh +￿,￿￿￿,[ dgglwlrqdo xqlwv ri wkh orz0txdolw| vhuylfh ehiruh surfhhglqj wr surgxfh
[ xqlwv ri rxwsxw1 Wkh ulvn ri lqfxuulqj wkh dgglwlrqdo frvw ri f,+￿, ￿ ￿￿,[ zkhq ex|lqj iurp d
pxowlqdwlrqdo vhuylfh frpsdq| frqvwlwxwhv wkh lqirupdwlrqdo eduulhu wr hqwu|1
 
Wzr frqglwlrqv pxvw krog lq dq htxloleulxp lq zklfk zh revhuyh IGL lq surgxfhu vhuylfhv1 Iluvw/
kroglqj wkh qxpehu ri vhuylfh vxevlgldulhv frqvwdqw/ hdfk pxvw kdyh dq lqfhqwlyh wr surgxfh kljk
txdolw| zlwk srvlwlyh suredelolw|1 Dv zh vkdoo vhh vkruwo|/ wklv rffxuv zkhq d vxevlgldu| uhfhlyhv
d srvlwlyh pdunxs ryhu pdujlqdo frvw dqg wkhuh lv d vx!flhqwo| odujh suhvhqfh ri lqiruphg krph0
frxqwu| pdqxidfwxuhuv1 Vhfrqg/ iuhh hqwu| lq wkh pdunhw iru kljk0txdolw| vhuylfhv lpsolhv wkdw wkh
pdunxs d ￿up hduqv pxvw eh h{dfwo| r￿vhw e| wkh ￿{hg frvw ri rshudwlqj d vxevlgldu|1
    
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Hdfk pdqxidfwxuhu fkrrvhv rxwsxw wr pd{lpl}h h{shfwhg sur￿w1 Wkh rswlpdo rxwsxw zkhq lw ex|v
lwv vhuylfhv iurp pxowlqdwlrqdov dqg h{shfwv hdfk ri wkhp wr surylgh kljk txdolw| zlwk suredelolw|
% lv=
[+t￿>f ,>￿￿>￿,>z>%, @ dujpd{
f
i+4 ￿ [,[ ￿ ^z . ￿￿t￿ .+4 ￿ %,+￿, ￿ ￿￿,f,‘[j= +9,
Wkh ￿uvw0rughu frqglwlrq wr wklv pd{lpl}dwlrq sureohp |lhogv=
[+t￿>f ,>￿￿>￿,>z>%, @
4 ￿ z ￿ ￿￿t￿ ￿ +4 ￿ %,+￿, ￿ ￿￿,f,
5
= +:d,
Qrwlqj wkdw surgxflqj rqh xqlw ri rxwsxw uhtxluhv ￿￿ xqlwv ri vhuylfhv ri txdolw| k/ wkh pdqxidf0
wxuhu*v ghpdqg iru vhuylfhv wkdw lw h{shfwv wr eh ri kljk txdolw| lv ￿￿[+t￿>f ,>￿￿>￿,>z>%,=
Xqghu zkdw flufxpvwdqfhv zrxog d pdqxidfwxuhu sxufkdvh d vhuylfh iurp d pxowlqdwlrqdo*v
vhuylfh vxevlgldu|B Lqiruphg pdqxidfwxuhuv rqo| ex| li wkh| uhfhlyh kljk txdolw|1 Xqlqiruphg
;pdqxidfwxuhuv kdyh udwlrqdo h{shfwdwlrqv1 Vr wkh| ex| rqo| li wkh| nqrz wkdw wkh vhuylfh vxevlgldu|
kdv dq lqfhqwlyh wr surylgh kljk txdolw|1 Zkhq lw surylghv kljk txdolw| zlwk suredelolw| rqh/ wkh
vhuylfh vxevlgldu| vhoov wr doo QU . QL pdqxidfwxuhuv1 Wrwdo ghpdqg iru lwv ydulhw| wkhq lv
￿ v￿ @ s3j
￿ tj
￿￿￿+QU . QL,[+t￿>f ,>￿￿>￿,>z>4,= +;,
Rq wkh rwkhu kdqg/ li wkh vxevlgldu| lv eholhyhg wr r￿hu kljk txdolw| exw rqo| vhoov orz txdolw| lq dq





D vhuylfh vxevlgldu| zloo surgxfh kljk txdolw| iru vxuh li wkh dvvrfldwhg sur￿w h{fhhgv wkh sur￿w lw
frxog hduq e| irrolqj xqlqiruphg fxvwrphuv=
+s￿ ￿ f￿,￿ v￿ ￿ +s￿ ￿ f,,v￿= +43,










Wklv lqhtxdolw| lv pruh olnho| wr eh vdwlv￿hg wkh kljkhu lv wkh udwlr ri lqiruphg fxvwrphuv lq wkh
wrwdo ghpdqg iru vhuylfhv1
Li +44, lv qrw vdwlv￿hg/ wkhq￿dv vkrzq lq wkh Dsshqgl{￿wkhuh h{lvwv d pl{hg0vwudwhj| htxlole0














zkhuh a ￿ 5 +3>4, surylghg wkdw QL lv vx!flhqwo| eljjhu wkdq QU1
D vhuylfh ￿up vhoolqj ru suhwhqglqj wr vhoo kljk txdolw| fkrrvhv dv lwv sur￿w0pd{lpl}lqj sulfh
a s￿ @ dujpd{
R￿
+s￿ ￿ f￿,￿ v￿= +47,
<Qrwlqj wkdw d prqrsrolvwlfdoo| frpshwlwlyh vhuylfh ￿up wdnhv wkh sulfh lqgh{ t￿ dv jlyhq/ zh fdq





Wkh pdunxs ri sulfh ryhu pdujlqdo frvw lv ghfuhdvlqj lq wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq vhuylfh
ydulhwlhv/ ￿1 Vxevwlwxwlqj a s￿ iru wkh sulfh lq +44,/ zh rewdlq dv lqfhqwlyh frqvwudlqw iru wkh surylvlrq
ri kljk txdolw| e| d vhuylfh vxevlgldu|=
￿ ￿
+￿ ￿ 4,+f￿ ￿ f,,
￿+f￿ ￿ f,,.f,
= +49,
Wkh uljkw0kdqg vlgh ri +49, lv lqfuhdvlqj lq ￿ dqg lq +f￿ ￿ f,,1 Wkh iroorzlqj sursrvlwlrq vxppdul}hv
wkh htxloleulxp txdolw| fkrlfhv e| krph0frxqwu| vhuylfh vxevlgldulhv=
Sursrvlwlrq 4 Li wkh vkduh ri lqiruphg pdqxidfwxuhuv lv vx!flhqwo| kljk vr wkdw +49, krogv/ hdfk
vhuylfh vxevlgldu| surylghv kljk txdolw| zlwk suredelolw| rqh1 Li +49, grhv qrw krog/ hdfk vhuylfh
vxevlgldu| vxssolhv kljk txdolw| zlwk suredelolw| a % 5 +3>4,1
   !
Iuhh hqwu| dqg h{lw hqvxuhv wkdw lq htxloleulxp hdfk vhuylfh surgxfhu hduqv }hur sur￿w1 Frqvlghu





v￿ ￿ I @3 > +4:,





Wklv rxwsxw lv lqfuhdvlqj lq I dqg ghfuhdvlqj f￿1
Wkh wrwdo vxsso| ri kljk0txdolw| vhuylfhv ri doo ydulhwlhv lq wkh krvw frxqwu| fdq eh rewdlqhg e|
xvlqj a v￿ lq +5,=











Lq htxloleulxp wklv vxsso| pxvw eh htxdo wr wkh wrwdo ghpdqg=
a G￿ @ ￿￿+QU .QL,[+t￿>f ,>￿￿>￿,>z>4,= +53,











Vxevwlwxwlqj iru s￿ iurp +48, lq sulfh lqgh{ +7,/ zh rewdlq d vhfrqg ixqfwlrq iru t￿ wkdw lv dovr










Wrjhwkhu +54, dqg +55, gh￿qh wkh htxloleulxp qxpehu ri krph0frxqwu| vhuylfh vxevlgldulhv lq wkh
krvw frxqwu|/ q/ dqg wkh htxloleulxp sulfh lqgh{/ a t￿1 Krzhyhu/ dv looxvwudwhg lq Iljxuh 4/ wkhuh pd|
eh pxowlsoh htxloleuld1 Lq wkh ￿jxuh/ wkh htxloleulxp odehohg D lv xqvwdeoh dqg wkh rqh odehohg E
lv vwdeoh1 D vlpsoh dujxphqw vkrzv wkdw dq htxloleulxp lv vwdeoh l￿ fxuyh FF lqwhuvhfwv HH iurp
ehorz= dorqj HH/ wkh vxsso| lv htxdo wr wkh ghpdqg iru vhuylfhv> ehorz wklv olqh/ ghpdqg h{fhhgv
vxsso|1 Qrz vxssrvh zh duh dw d srlqw rq FF exw ehorz HH1W k h q q pxvw ulvh wr uhvwruh wkh
htxdolw| ri ghpdqg dqg vxsso|1 Exw wklv surfhvv wdnhv xv wr htxloleulxp E dqg dzd| iurp D1D
vlplodu dujxphqw vkrzv wkdw zkhq zh duh rq FF e x wd wds r l q wd e r y hHH zh pryh wr E exw dzd|
iurp D1
Zh irfxv rq d vwdeoh htxloleulxp olnh E/ dvvxplqj lpsolflwo| wkdw wkhuh h{lvwv rqo| rqh vxfk
htxloleulxp19 Lq wklv fdvh zh fdq vkrz wkdw dq lqfuhdvh lq z orzhuv wkh lqwhufhsw ri HH zlwkrxw
d￿hfwlqj FF/ dqg khqfh uhgxfhv q1D ql q f u h d v hl qI pdnhv wkh vorsh ri HH vwhhshu/ wkhuhe| dovr
ghfuhdvlqj q1 D ulvh lq QU ru QL uhgxfhv wkh vorsh ri HH/ wkhuhe| udlvlqj q1 D ulvh lq f￿ kdv dq
dpeljxrxv h￿hfw rq q/ vlqfh lw erwk uhgxfhv ghpdqg dqg rxwsxw shu vhuylfh ￿up1 Wkhvh uhvxowv duh
vxppdul}hg lq wkh iroorzlqj sursrvlwlrq=
Sursrvlwlrq 5 Li wkh vkduh ri lqiruphg pdqxidfwxuhuv lv vx!flhqwo| odujh vr wkdw +49, lv vdwlv￿hg/
wkhq wkh qxpehu ri d!oldwhv lq wkh krvw frxqwu| lv lqfuhdvlqj lq wkh wrwdo qxpehu ri pdqxidfwxuhuv>
lw lv ghfuhdvlqj lq wkh frvw ri sulpdu| lqsxwv dqg wkh ￿{hg frvw ri lqyhvwphqw> lw pd| eh lqfuhdvlqj
ru ghfuhdvlqj lq wkh yduldeoh frvw ri surgxflqj kljk0txdolw| vhuylfhv1
Qrz frqvlghu wkh fdvh zkhuh ￿ lv vr vpdoo wkdw +49, grhv qrw krog1 Lq d pl{hg0vwudwhj| htxl0
oleulxp/ hdfk ￿up pxvw eh lqgl￿huhqw ehwzhhq vhoolqj kljk dqg orz txdolw|1 Vr xqghu iuhh hqwu|














45lwv sur￿w iurp vhoolqj kljk txdolw| +zklfk qrz htxdov wkh sur￿w iurp vhoolqj orz txdolw| wr vrph
xqlqiruphg fxvwrphuv, pxvw djdlq eh }hur dv lq +4:,1 Wklv phdqv wkdw wrwdo h{shfwhg vxsso| lv
vwloo jlyhq e| +4<,1 Exw wkh h{shfwhg wrwdo ghpdqg iru vhuylfhv qrz lv
￿ G￿ @ ￿￿+a %QU .a ￿QL,[+t￿>f ,>￿￿>￿,>z>a %,= +56,
Vxevwlwxwlqj iru a ￿ lq +56,/ zh ￿qg wkdw QL gursv rxw1 Lq dgglwlrq/ e| xvlqj +4<, dqg +56, lw lv
vwudljkwiruzdug wr yhuli| wkdw q lv vwloo ghfuhdvlqj lq z dqg I/ exw pd| ulvh ru idoo zlwk f￿ dqg f,1
Wklv lpsolhv=
Sursrvlwlrq 6 Li wkh vkduh ri lqiruphg pdqxidfwxuhuv lv vr vpdoo wkdw +49, grhv qrw krog/ wkhq
wkh qxpehu ri vhuylfh d!oldwhv lq wkh krvw frxqwu| lv lqghshqghqw ri wkh qxpehu ri xqlqiruphg
pdqxidfwxuhuv1 Lw lv ghfuhdvlqj lq wkh frvw ri sulpdu| lqsxwv dqg wkh ￿{hg frvw> lw pd| eh lqfuhdvlqj
ru ghfuhdvlqj lq wkh yduldeoh frvw ri vhuylfh surgxfwlrq1
" #
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Lq wklv vhfwlrq/ zh ￿uvw ghvfuleh krz zh pryh iurp wkh wkhruhwlfdo prgho wr dq hpslulfdoo| whvwdeoh
yhuvlrq dqg wkhq suhvhqw wkh uhvxowv ri rxu hpslulfdo dqdo|vlv1 Sursrvlwlrqv 5 dqg 6 vwdwh wkdw wkh
htxloleulxp qxpehu ri krph0frxqwu| vhuylfh d!oldwhv lq wkh krvw frxqwu|/ q/ lv d ixqfwlrq ri wkh
qxpehu ri lqiruphg dqg xqlqiruphg fxvwrphuv/ dv zhoo dv ri wkh gl￿huhqw frvwv/ z/ I/ f￿ dqg f,=
q @ q+QU>Q L>z>I>f ￿>f ,,= +57,
Lq dgglwlrq/ Sursrvlwlrq 6 whoov xv wkdw ghpdqg iurp wkh xqlqiruphg pdqxidfwxuhuv rqo| pdwwhuv
iru vhuylfh IGL li QU@+QU .QL, h{fhhgv d fulwlfdo ydoxh1 Qdwxudoo| zh fdqqrw revhuyh wkh qxpehu
ri lqiruphg dqg xqlqiruphg fxvwrphuv1 Vr lq d ￿uvw vwhs zh qhhg wr uhirupxodwh wkh prgho lq whupv
ri wkh +revhuydeoh, qxpehu ri krph0frxqwu| lqyhvwruv lq wkh krvw frxqwu| +Q, dqg wkh krvw0frxqwu|




@ +5￿ ￿ 4,
Q
Q . QW .+4 ￿ ￿,> +58,
dqg wkhq xvh wkh udwlr Q@+Q . QW, wr uhgh￿qh wkh fulwlfdo ydoxh lq +49,1 Li Q@+Q . QW, lv deryh
wklv fulwlfdo ydoxh/ vhuylfh IGL vkrxog eh lqfuhdvlqj lq erwk Q dqg QW1 Exw li wkh udwlr lv ehorz wkh
46fulwlfdo ydoxh/ orfdo ghpdqg vkrxog eh ohvv lpsruwdqw iru vhuylfh IGL/ dv rqo| d vpdoo iudfwlrq ri wkh
QW orfdo fxvwrphuv lv olnho| wr eh lqiruphg> lq rwkhu zrugv/ zh vkrxog jhw d vpdoohu frh!flhqw rq
orfdo ghpdqg1 Zh fdq lqfrusrudwh wklv fkdqjh lq wkh pdjqlwxgh ri wkh frh!flhqw e| frqvwuxfwlqj
d gxpp| yduldeoh iru Q@+Q .QW, wkdw wdnhv wkh ydoxh ri rqh +}hur,/ li wkh udwlr lv deryh +ehorz,
d fulwlfdo ydoxh/ dqg wkdw zh wkhq lqwhudfw zlwk QW1
Wkh vhfrqg vwhs frqvlvwv ri ￿qglqj sur{lhv iru rxu ghshqghqw dqg lqghshqghqw yduldeohv> d
ghwdlohg ghvfulswlrq ri wkh gdwd lv surylghg lq wkh dsshqgl{1 Vlqfh doo vhuylfh d!oldwhv lq wkh prgho
duh lghqwlfdo/ wklv qxpehu lv sursruwlrqdo wr wkh wrwdo vwrfn ri surgxfhu0vhuylfh IGL1 Dqg gdwd rq
wkh vwrfn ri X1V1 vhuylfh IGL lq 56 krvw frxqwulhv2uhjlrqv iurp 4<:9 wr 4<<8 lv zkdw zh zdqw wr xvh
iru wkh ghshqghqw yduldeoh1 Wkh Vxuyh| ri Fxuuhqw Exvlqhvv glylghv vhuylfhv lqwr irxu fdwhjrulhv=
zkrohvdoh2uhwdlo wudgh/ frpphufldo edqnlqj/ ILUH +￿qdqfldo vhuylfhv/ lqvxudqfh dqg uhdo hvwdwh,/
dqg crwkhu vhuylfhv*1 Wr eh xvhixo iru rxu dqdo|vlv wkh gdwd kdv wr vdwlvi| dw ohdvw wzr fulwhuld= ￿uvw/
lw vkrxog uh hfw surgxfhu vhuylfhv dqg qrw frqvxphu vhuylfhv> dqg vhfrqg/ zh vkrxog eh uhdvrqdeo|
vxuh d sulrul wkdw zh glgq*w ljqruh lpsruwdqw h{sodqdwru| yduldeohv lq wkh prgho1 Khqfh qrw doo
vhuylfh fdwhjrulhv duh vxlwdeoh1 IGL lq zkrohvdoh wudgh/ iru lqvwdqfh/ vkrxog eh vljql￿fdqwo| d￿hfwhg
e| wkh ohyho ri h{sruwv> exw rxu prgho grhv qrw lqfrusrudwh phufkdqglvh h{sruwv1 Wkh vdph lv
wuxh iru frpphufldo edqnlqj/ dv kdv ehhq vkrzq e| Exfk +5333,1 Frpphufldo edqnlqj suhvhqwv
dq dgglwlrqdo sureohp/ vlqfh IGL ￿jxuhv lq wklv fdwhjru| dovr lqfoxgh qhw wudqvihuv ri ordqdeoh
ixqgv ehwzhhq sduhqw dqg vxevlgldu|/ zklfk duh dovr olnho| wr eh ghwhuplqhg e| idfwruv rxwvlgh
rxu prgho1 ILUH lv wkh odujhvw dqg wkhuhiruh srwhqwldoo| prvw lqwhuhvwlqj vhuylfh fdwhjru|1 Exw
khuh lw lv qrw fohdu wr zkdw h{whqw wkh| uhsuhvhqw surgxfhu vhuylfhv dqg wr zkdw h{whqw wkh| pd|
eh gulyhq e| idfwruv rxwvlgh wkh prgho> zh qhyhuwkhohvv fduu| rxw uhjuhvvlrqv iru wklv fdwhjru|1
Wklv ohdyhv crwkhu vhuylfhv*1 Wklv fdwhjru| lqfoxghv exvlqhvv dqg hqjlqhhulqj vhuylfhv/ zklfk fohduo|
duh surgxfhu vhuylfhv1 Lq 4<;5/ wkh Vxuyh| ri Fxuuhqw Exvlqhvv vwduwhg olvwlqj exvlqhvv vhuylfhv
vhsdudwho| iurp rwkhu vhuylfhv lq wklv fdwhjru|/ exw qrw rq d frxqwu|0e|0frxqwu| edvlv1 Lq wkhvh
joredo ￿jxuhv/ exvlqhvv dqg hqjlqhhulqj vhuylfhv dffrxqwhg iru wkh odujhvw vkduh ri IGL lq wkh crwkhu
vhuylfhv* fdwhjru|1 Lw lv wklv fdwhjru| wkdw zh ￿qg prvw xvhixo lq rxu hpslulfdo whvwv1 Wr dyrlg
frqixvlrq/ zh zloo uhihu wr wklv fdwhjru| ehorz dv cexvlqhvv vhuylfhv*1
Wkh sur{lhv zh xvh iru ghpdqg duh wkh vwrfn ri X1V1 pdqxidfwxulqj IGL +odjjhg e| rqh shulrg,
47dqg krvw0frxqwu| JGS +dqg JGS2fdslwd:,1 Wkhvh sur{lhv gr qrw rqo| fdswxuh wkh qxpehu ri
hvwdeolvkphqwv/ Q dqg QW uhvshfwlyho|/ exw dovr wkhlu vfdoh/ zklfk lq wkh prgho zh frqwuro wkurxjk
z1 Khqfh z vkrxog qrw dsshdu dv d vhsdudwh uhjuhvvru1 Wkh gxpp| yduldeoh iru Q@+Q . QW, lv
frqvwuxfwhg xvlqj wkh udwlr ri X1V1 pdqxidfwxulqj IGL wr krvw JGS dw wkh ehjlqqlqj ri rxu vdpsoh
shulrg1; Ilqglqj sur{lhv iru wkh frvwv ri vhuylfh surgxfwlrq deurdg srvhv wkh eljjhvw fkdoohqjh1
Wkh pdujlqdo frvw ri kljk0txdolw| vhuylfhv/ f￿/ kdv dq dpeljxrxv h￿hfw rq wkh qxpehu ri vhuylfh
d!oldwhv/ exw lw kdv d qhjdwlyh h￿hfw rq yroxph ri vhuylfh rxwsxw1 Lw vkrxog khqfh kdyh d qhjdwlyh
h￿hfw rq wkh vwrfn ri vhuylfh IGL/ dv vkrxog wkh ￿{hg frvw/ I1 Zh gr qrw kdyh jrrg sur{lhv iru f￿
dqg I/ exw zh frqwuro iru idfwruv olnh fxowxudo vlplodulw|/ krvw0frxqwu| uhvwulfwlrqv wr IGL/ dqg wkh
ghjuhh ri fruuxswlrq +ru lqyhuvho| wkh ghjuhh ri wudqvsduhqf| ri jryhuqphqw srolf| dqg uhjxodwlrqv,
lq wkh krvw frxqwu|/ zklfk fdq eh h{shfwhg wr kdyh d vljql￿fdqw h￿hfw rq wkh frvw ri surylglqj
kljk0txdolw| vhuylfhv wkurxjk IGL> ghwdlov rq wkh frqvwuxfwlrq ri wkhvh phdvxuhv duh jlyhq lq wkh
dsshqgl{1 Wdeoh 5 vxppdul}hv wkh h{sodqdwru| yduldeohv lqfoxghg lq rxu uhjuhvvlrqv dv zhoo dv wkhlu
suhglfwhg vljqv1 Zh fkrrvh d orj0olqhdu vshfl￿fdwlrq iru wkh uhgxfhg0irup prgho1 Wklv doorzv xv
wr lqwhusuhw wkh frh!flhqwv dv hodvwlflwlhv/ zklfk lq wxuq shuplwv xv wr pdnh mxgjhphqwv ri uhodwlyh




Lqghshqghqw Yduldeoh Phdvxuhg E| H{shfwhg Vljq
Krph Exvlqhvv Suhvhqfh Vwrfn ri Pdqxidfwxulqj IGL dw +w04, .
Orfdo Fxvwrphu Edvh Uhdo JGS .
Uhdo JGS2Fdslwd .
Krvw Uhvwulfwlrqv wr IGL Vxemhfwlyho| Fuhdwhg Lqgh{ 0
Fxowxudo Vlplodulw| Vxemhfwlyho| Fuhdwhg Lqgh{ .
Wudqvsduhqf| Wudqvsduhqf| Lqwhuqdwlrqdo Lqgh{ .
Zh ehjlq zlwk wkh uhjuhvvlrqv iru exvlqhvv vhuylfhv1 Sohdvh qrwh lq lqwhusuhwlqj wkh uhjuhvvlrq
:Zh lqfoxgh erwk JGS dqg JGS shu fdslwd wr gl￿huhqwldwh odujh frxqwulhv zlwk kljk shu fdslwd lqfrph iurp
vpdoo frxqwulhv zlwk kljk shu fdslwd lqfrph +h1j1 Ox{hperxuj,1
;Gh￿qlqj wkh uljkw fulwlfdo ydoxh lv wulfn|1 Zh frqvlghu wkh udwlr ri wkh vwrfn ri X1V1 pdqxidfwxulqj IGL wr orfdo
JGS lq 4<:91 Wkh frxqwu| lv vdlg wr krvw d ￿vljql￿fdqw￿ dprxqw ri IGL li wklv udwlr lv htxdo wr ru juhdwhu wkdq wzr
shufhqw1 Wkh udwlr udqjhv iurp qhduo| }hur wr < shufhqw1 Ydulrxv dowhuqdwlyhv dqg wkhlu uhvxowv duh glvfxvvhg odwhu lq
wkh sdshu1
48uhvxowv wkdw d vlqjoh dvwhulvn +-, lpsolhv wkdw wkh hvwlpdwhg frh!flhqw lv vljql￿fdqw dw d 43 shufhqw
ohyho ri vljql￿fdqfh +ORV,/ wzr dvwhulvnv +--, lpso| vljql￿fdqfh dwd8s h u f h q wO R V /d q gw k u h h
dvwhulvnv +---, lpso| wkdw wkh hvwlpdwhg frh!flhqw lv vljql￿fdqw dwd4s h u f h q w+ORV,1 Wkh uhvxowv
lq Wdeoh 6 frpsduh ROV uhjuhvvlrq uhvxowv zlwk wkh uhvxowv iru d udqgrp h￿hfwv prgho +UHP,1 Lq
wklv fdvh/ wkh ￿{hg h￿hfwv prgho +IHP, fdqqrw eh fdofxodwhg ehfdxvh wkh plvvlqj gdwd holplqdwhv
revhuydwlrqv zlwkrxw zklfk wkh fxowxudo glvwdqfh yduldeoh qr orqjhu ydulhv ryhu wlph1 Vlqfh wkh
holplqdwlrq ri wkhvh revhuydwlrqv ohdgv fxowxudo glvwdqfh wr ehfrph d wlph lqyduldqw lqghshqghqw
yduldeoh/ dqg wkh ￿{hg h￿hfw hvwlpdwru uhtxluhv wkhuh wr eh zlwklq jurxs yduldwlrq lq doo yduldeohv
iru dw ohdvw vrph jurxsv/ zh duh ohiw zlwk ROV dqg UHP uhvxowv1 Wkh Odjudqjh pxowlsolhu +OP,
whvw vwdwlvwlf +jlyhq lq wkh odvw olqh ri wkh UHP uhvxowv, vxjjhvwv wkdw wkh UHP ru IHP uhvxowv duh
vwdwlvwlfdoo| suhihuuhg wr wkh ROV uhvxowv1 Krzhyhu/ vlqfh wkhuh duh qr IHP uhvxowv/ lw vxjjhvwv wkdw
zh frqvlghu wkh UHP uhvxowv1
49' 1 , ,






Sdvw Pdqxidfwxulqj IGL 316<:7--- 314<<; ---
+313:9:, +313986,
Krvw JGS 3175:<--- 318;<9---
+314347, +313;64,
Krvw JGS shu Fdslwd 314;33- 31:537--
+313<8:, +314777,
Krvw Uhvwulfwlrqv wr IGL 313<96 317:39---
+3148:<, +3147;4,









Dgmxvwhg U0vtug 31:6 31:7




Qrwh= - @AVljql￿fdqw dw 43( ORV> --@AVljql￿fdqw dw 8( ORV / --- @AVljql￿fdqw dw 4( ORV
4:Wkh lqwhudfwlrq whup lv frqvwuxfwhg e| frqvlghulqj wkh dprxqw ri pdqxidfwxulqj IGL wkdw h{lvwv
lq wkh krvw frxqwu| dw wkh ehjlqqlqj ri wkh vdpsoh shulrg +4<:9,1 Li wkhuh h{lvwv d fulwlfdo vwrfn
ri pdqxidfwxulqj IGL lq wkh krvw frxqwu|/ gh￿qhg khuh dv dw ohdvw wzr shufhqw ri krvw frxqwu|
JGS/ zh jlyh wkh krvw frxqwu| d gxpp| yduldeoh htxdo wr rqh dqg pxowlso| wkh gxpp| yduldeoh
e| krvw JGS shu fdslwd wr doorz xv wr hvwlpdwh d vorsh gxpp| yduldeoh +lqwhudfwlrq yduldeoh,1
Zh kdyh wulhg rwkhu gh￿qlwlrqv iru wkh fulwlfdo ohyho ri IGL/ exw rxu uhvxowv zhuh urexvw wr wkhvh
fkdqjhv1 Wkh UHP uhvxowv lq Wdeoh 6 vxjjhvw wkdw wkh JGS2F lqwhudfwlrq +313::5, whup lv srvlwlyh
dqg vwdwlvwlfdoo| vljql￿fdqw dw d 8 shufhqw ORV1 Wklv vxjjhvwv wkdw pxowlqdwlrqdo vhuylfh ￿upv duh
ehwwhu deoh wr shqhwudwh wkh iruhljq pdunhw li d vljql￿fdqw X1V1 pdqxidfwxulqj suhvhqfh lv orfdwhg lq
wkh iruhljq pdunhw1 Txdqwlwdwlyho|/ zh vhh wkdw zlwkrxw dgglqj wkh h￿hfw ri wkh lqwhudfwlrq whup/ d
4 shufhqw lqfuhdvh lq orfdo JGS2F vxjjhvwv d 31:5 shufhqw lqfuhdvh lq exvlqhvv vhuylfh IGL/ doo hovh
frqvwdqw1 Krzhyhu/ zkhq zdv doorz iru dgglwlrq ri wkh lqwhudfwlrq whup/ zh vhh wkdwd4s h u f h q w
lqfuhdvh lq orfdo JGS2F vxjjhvwv d 31:< shufhqw lqfuhdvh lq exvlqhvv vhuylfh IGL/ doo hovh frqvwdqw1
Wkh rwkhu vwdwlvwlfdoo| vljql￿fdqw yduldeohv kdyh wkh dqwlflsdwhg vljqv zlwk wkh h{fhswlrq ri krvw
frxqwu| uhvwulfwlrqv wr IGL1 Vlqfh wklv lv d vxemhfwlyho| fuhdwhg yduldeoh/ zklfk zh dgplw lv d qrlv|
vljqdo ri IGL uhvwulfwlyhqhvv/ zh duh qrw ryhuo| frqfhuqhg zlwk wklv1
Wdeoh 7 vkrzv d vlplodu frpsdulvrq/ exw ghwdlov wkh uhvxowv zlwk dq lqwhudfwlrq whup edvhg rq
krvw JGS udwkhu wkdq JGS2F1 Djdlq/ wkh OP whvw vwdwlvwlf lqglfdwhv wkh UHP vshfl￿fdwlrq dqg
zh vhh d frh!flhqw rq wkh vorsh gxpp| yduldeoh +313675, wkdw lv vljql￿fdqw dwd8s h u f h q wO R V 1
Pruhryhu/ zh vhh wkdw phdvxulqj krvw pdunhw vl}h e| JGS vxjjhvwv wkdw d vljql￿fdqw krph suhvhqfh
lqfuhdvhv wkh h￿hfw ri krvw JGS rq exvlqhvv vhuylfh IGL iurp 318< shufhqw wr 3195 shufhqw1 Djdlq/
wkh vwdwlvwlfdoo| vljql￿fdqw frh!flhqwv duh dvvrfldwhg zlwk wkhlu h{shfwhg vljqv zlwk wkh h{fhswlrq
ri krvw frxqwu| uhvwulfwlrqv wr IGL1
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4<Wdeoh 8 frqvlghuv wkh vhwxs ri wkh uhjuhvvlrqv lq Wdeoh 6 +lqfoxglqj d JGS2F lqwhudfwlrq whup,/
exw surylghv wkh uhjuhvvlrq uhvxowv diwhu whvwlqj dqg fruuhfwlqj iru vhuldo fruuhodwlrq +wkh vhuldo
fruuhodwlrq frh!flhqw lv olvwhg lq wkh wdeoh dv ￿ukr￿,1 Dv ehiruh/ wkh OP whvw vwdwlvwlf vxjjhvwv
wkdw wkh UHP lv suhihuuhg wr wkh ROV vshfl￿fdwlrq1 Dgguhvvlqj wkh sureohp ri vhuldo fruuhodwlrq
lv sduwlfxoduo| gl!fxow zlwk rxu gdwd lq wkdw qxphurxv revhuydwlrqv duh plvvlqj wkurxjkrxw wkh
gdwd vhw1< Wkxv/ whvwlqj iru dqg fruuhfwlqj iru vhuldo fruuhodwlrq lq wklv vdpsoh grhv qrw lqvsluh dv
pxfk frq￿ghqfh dv zrxog eh wkh fdvh zlwk d ixoo gdwd vhw1 Lw lv iru wklv uhdvrq wkdw zh surylgh
wkh uhvxowv ri rxu uhjuhvvlrqv zlwkrxw fruuhfwlqj iru vhuldo fruuhodwlrq dqg diwhu fruuhfwlqj iru vhuldo
fruuhodwlrq xvlqj wkh Frfkudqh0Rufxww lqwhudfwlyh phwkrg1 Ghvslwh wkh idfw wkdw gdwd duh plvvlqj/
zh pd| vwloo dsso| wkh Gxuelq0Zdwvrq +G0Z, vwdwlvwlf wr rxu gdwd vhw +Vdylq dqg Zklwh/ 4<:;,1 Wkh
G0Z vwdwlvwlf iru wkh uhvxowv lq Wdeoh 6 lv frqvlvwhqwo| 415/ vxjjhvwlqj srvlwlyh vhuldo fruuhodwlrq143
Wkh uhvxowv jhqhudwhg diwhu fruuhfwlqj iru vhuldo fruuhodwlrq duh jlyhq lq Wdeoh 8 +JOV uhihuv wr
jhqhudol}hg ohdvw vtxduhv dqg pd| eh lqwhusuhwhg dv ROV diwhu kdylqj ehhq fruuhfwhg iru d vhuldoo|
fruuhodwhg uhvlgxdo,1 Txdqwlwdwlyho|/ zh vhh wkdw zlwkrxw wkh lqwhudfwlrq whup/ d 4 shufhqw lqfuhdvh
lq orfdo JGS2F vxjjhvwv d 3164 shufhqw lqfuhdvh lq exvlqhvv vhuylfh IGL/ doo hovh frqvwdqw/ zlwkrxw
dffrxqwlqj iru dq lqwhudfwlrq whup1 Krzhyhu/ zkhq zh lqfrusrudwh wkh h￿hfw ri wkh lqwhudfwlrq
w h u p /z hv h hw k d wd4s h u f h q wl q f u h d v hl qo r f d oJ G S 2 Fe r r v w ve x v l q h v vv h u y l f hI G Le |3 1 7 6s h u f h q w /
d 3145 shufhqwdjh srlqwv lqfuhdvh1 Wkh rwkhu vwdwlvwlfdoo| vljql￿fdqw yduldeohv duh dvvrfldwhg zlwk
vljqv vxjjhvwhg e| rxu sulru h{shfwdwlrqv zlwk wkh h{fhswlrq djdlq ehlqj krvw frxqwu| uhvwulfwlrqv
wr IGL1
Wdeoh 9 uhshdwv wkh uhjuhvvlrqv ￿uvw grqh lq Wdeoh 7/ exw fruuhfwv iru vhuldo fruuhodwlrq dovr1
Djdlq/ wkh G0Z vwdwlvwlf iru wkh ruljlqdo uhvxowv lq Wdeoh 7 lv 415/ vxjjhvwlqj srvlwlyh vhuldo fruuhod0
wlrq1 Txdqwlwdwlyho|/ zh vhh wkdw d vljql￿fdqw suhvhqfh ri X1V1 pdqxidfwxuhuv lq wkh iruhljq pdunhw
errvwv wkh frh!flhqw rq orfdo pdunhw vl}h iurp 31;5 wr 31;: diwhu fruuhfwlqj iru vhuldo fruuhodwlrq1
<Qrwh wkdw/ ghvslwh wkh idfw wkdw rxu wlph vhulhv lv 53 |hduv orqj/ wkh pd{lpxp qxpehu ri revhuydwlrqv iru dq|
jlyhq furvv vhfwlrq lv 44 |hduv/ pdq| furvv vhfwlrqv kdyh ihzhu wkdq 43 revhuydwlrqv/ dqg wkh h{lvwlqj revhuydwlrqv
whqg qrw wr eh frqwljxrxv1
43Q r w h /k r z h y h u /w k d ww k ho r z h uf u l w l f d oy d o x hd wd8s hufhqw ORV zlwk q@4:< dqg vl{ uhjuhvvruv lv 4188> wkhuhiruh
zh fdq vhh wkdw zh duh forvh wr wkh fxw0r￿ iru wkh lqfrqfoxvlyh uhjlrq ri wkh G0Z whvw1
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55Dqrwkhu txhvwlrq wkdw dulvhv lq rxu dqdo|vlv lv zkhwkhu wkh pdjqlwxgh dqg2ru vljql￿fdqfh ri
wkh lqwhudfwlrq whup fkdqjhv li lw lv frqvwuxfwhg iru d srlqw lq wlph odwhu lq wkh vdpsoh shulrg +vd|/
4<;< lqvwhdg ri 4<:9,1 Zh zrxog h{shfw wkdw lwv h￿hfw zloo ehfrph vpdoohu dqg2ru lqvljql￿fdqw
ryhu wlph/ uh hfwlqj wkh judgxdo glvdsshdudqfh ri lqirupdwlrqdo eduulhuv wr hqwu| dv orfdo ￿upv
ehfrph idploldu zlwk wkh pxowlqdwlrqdo vhuylfh surylghuv1 Lqghhg/ wklv ylhz lv vxssruwhg e| wkh
gdwd1 Wdeoh : olvwv wkh frh!flhqwv dqg wkhlu vljql￿fdqfh ri orfdo pdunhw vl}h dqg wkh lqwhudfwlrq
whup +wkh rwkhu frh!flhqwv gr qrw vxevwdqwlyho| fkdqjh, zkhq zh frqvwuxfw wkh lqwhudfwlrq whup
lq rwkhu |hduv +exw gr qrw fruuhfw iru vhuldo fruuhodwlrq,1 Zh ehjlq zlwk 4<;< vlqfh wkdw lv wkh |hdu
lq zklfk vhuylfh IGL juhz prvw gudvwlfdoo| lq rxu vdpsoh shulrg/ wkhuhe| pdnlqj lw d jrrg vwduwlqj
srlqw wr vhh zkhwkhu rxu k|srwkhvlv krogv1 Zh uhshdw wkh dqdo|vlv frqvwuxfwlqj lqwhudfwlrq whupv
wkurxjk 4<<61 Wkh uhvxowv diwhu fruuhfwlqj iru vhuldo fruuhodwlrq duh jlyhq lq Wdeoh ;1 Lq hdfk fdvh
zh ￿qg hylghqfh wkdw krph fxvwrphuv lq wkh iruhljq pdunhw sod| d vpdoohu uroh ryhu wlph144
Ilqdoo| zh h{dplqh wkh ILUH fdwhjru|1 Wkh uhvxow duh uhsruwhg lq Wdeoh < wr 431 Wkh rqo|
yduldeohv wkdw duh vljql￿fdqw duh krvw JGS dqg JGS shu fdslwd/ erwk ri zklfk kdyh wkh h{shfwhg
vljq/ dv zhoo dv krvw uhvwulfwlrqv wr IGL/ zklfk kdyh wkh zurqj vljq1 Reylrxvo|/ ixuwkhu uhvhdufk lv
qhhghg wr h{dplqh wklv vhuylfh fdwhjru|1
44Dqrwkhu lvvxh rqh pd| zrqghu derxw lv wkh lpsdfw ri orfdo frpshwlwlrq lq wkh pdunhw iru vhuylfhv1 Xqiruwxqdwho|/
wkh ehvw phdvxuh zh kdyh wr fdswxuh wklv lq xhqfh lv orfdo vhuylfh0lqgxvwu| ydoxh dgghg dv d shufhqw ri JGS +Vrxufh=
Zruog Edqn Ghyhorsphqw Lqglfdwruv,1 Xqiruwxqdwho|/ wklv phdvxuh idlov wr glvwlqjxlvk ehwzhhq lqgljhqrxv vhuylfh
surylghuv dqg iruhljq vhuylfh surylghuv orfdwhg lq wkh krvw pdunhw/ zklfk lv dq lpsruwdqw glvwlqfwlrq lq rxu uhvhdufk1
Dgglwlrqdoo|/ lw lv kljko| fruuhodwhg zlwk krvw JGS1 Wkh hvwlpdwlrq uhvxowv +ehiruh fruuhfwlqj iru vhuldo fruuhodwlrq,
doorz rqo| ROV vshfl￿fdwlrqv1 Jlyhq wkh sdqho qdwxuh ri wkh gdwd/ wklv uhvxow lv kljko| vxvshfw1 Zkhq zh gr fruuhfw
iru vhuldo fruuhodwlrq/ wkh frh!flhqw rq vhuylfhv dv d shufhqw ri JGS lv lqvljql￿fdqw1 Frpsduhg wr wkh suhylrxv uhvxowv/
rwkhu lpsruwdqw rxwfrphv dovr fkdqjh1 Lq sduwlfxodu/ wkh frh!flhqwv rq X1V1 pdqxidfwxulqj dqg krvw JGS2F duh
lqvljql￿fdqw1 Wklv lv udwkhu glvwxuelqj jlyhq wkh prgho*v suhglfwlrqv1 Wkh kljk fruuhodwlrq ehwzhhq orfdo JGS dqg
vhuylfhv dv d shufhqw ri JGS ohdg xv wr vxvshfw pxowlfroolqhdulw| dv rqh srwhqwldo fxosulw iru wkh odfn ri vljql￿fdqfh
dvvrfldwhg zlwk wkh hvwlpdwhg frh!flhqwv ri X1V1 pdqxidfwxulqj dqg krvw JGS2F1 Zkhq zh uh0uxq wkh uhjuhvvlrqv
nhhslqj doo wkh h{sodqdwru| yduldeohv h{fhsw JGS wkh uhvxowv duh pxfk pruh dorqj wkh olqhv ri rxu d sulrul h{shfwdwlrqv=
X1V1 pdqxidfwxulqj IGL dqg krvw JGS shu fdslwd/ dqg wkh lqwhudfwlrq whupv duh frqvlvwhqwo| srvlwlyh dqg vljql￿fdqw1
Wkh phdvxuh ri orfdo vhuylfh surylvlrq/ krzhyhu/ lv qhyhu vwdwlvwlfdoo| vljql￿fdqw1 Ixukwhupruh/ zkhq zh uh0uxq wkh
uhjuhvvlrqv xvlqj lqfuhdvlqjo| odwhu dqg odwhu gdwhv iru gh￿qlqj wkh gxpp| yduldeoh zh djdlq ￿qg wkdw wkh ydoxh ri
wkh lqwhudfwlrq whup vwhdglo| ghfuhdvhv dv zh slfn fxw0r￿ gdwhv odwhu lq wkh vdpsoh shulrg1
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\hdu& JGS2F Lqw1 whup +JGS2F, JGS Lqw1 Whup +JGS,
4<:9 31:537-- 313::5-- 318;:9--- 313675--
+314777, +313778, +313;6;, +31349;,
4<;< 4166:7--- 313968--- 314948--- 31355<---
+313:99, +313366, +31385;, +313348,
4<<3 414:9:--- 3137;6--- 315;68--- 31349:---
+314494, +313388, +313:79, +313355,
4<<4 414<84--- 3137:;--- 315<5:--- 31348<---
+3144<6, +31338:, +313:8:, +313355,
4<<5 413<<5--- 313733--- 316974--- 313463---
+3145;8, +313397, +313;37, +313358,
4<<6 31<<77--- 3136<5--- 317436--- 313457---
+31476;, +3133;5, +313;93, +31335<,






\hdu& JGS2F Lqw1 whup +JGS2F, JGS Lqw1 Whup +JGS, ukr
4<:9 316494- 314543--- 31;55<--- 313776--- 316<<5---
+314<83, +313769, +31489<, +313496, +313:36,
4<;< 317489-- 31398:--- 316<64--- 3135<8--- 316<<9---
+31538<, +313483, +314587, +3133:4, +3139;:,
4<<3 3175:5-- 313559- 31:939--- 3133:9 316;3;---
+3153;<, +31348;, +314999, +31398:, +3139<6,
4<<4 3177<:-- 3135;;-- 31:768--- 3133<7- 316;8;---
+315438, +313494, +3149;9, +31338<, +3139<4,
4<<5 3176<6-- 313635-- 31:853--- 3133<;- 316<:<---
+31544;, +313495, +3149<<, +31338<, +3139;:,
4<<6 317773-- 313546 31:<4;--- 313398 316<8:---
+31547;, +3134:6, +3149;:, +313395, +31393;,
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Sdvw Pdqxidfwxulqj IGL 314:3: 313<53
+3146:4, +31493;,
Krvw JGS 414993--- 415556---
+314588, +31553:,
Krvw JGS shu Fdslwd 3185;3-- 316646
+3157:7, +316<85,
Krvw Uhvwulfwlrqv wr IGL 317:43-- 314<93
+315759, +31633:,









Dgmxvwhg U0vtug 31<3 31:7
Qxpehu ri furvv0vhfwlrqv 56 56
W0pd{ 49 48
W0plq 5 4
Odjudqjh Pxowlsolhu 795149 4;:178
Kdxvpdq 44189 45168
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Sdvw Pdqxidfwxulqj IGL 314973 313;<5
+3146:7, +314944,
Krvw JGS 414<43--- 415754---
+3146;9, +3156<3,
Krvw JGS shu Fdslwd 31866<-- 3168:9
+315747, +316<88,
Krvw Uhvwulfwlrqv wr IGL 317;93-- 315457
+315764, +3156<3,









Dgmxvwhg U0vtug 31<3 3195
Qxpehu ri furvv0vhfwlrqv 56 56
W0pd{ 49 48
W0plq 5 4
Odjudqjh Pxowlsolhu 7:6153 4<5144
Kdxvpdq 4518: 46135
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Wklv sdshu ghyhorshg d prgho ri iruhljq gluhfw lqyhvwphqw lq surgxfhu vhuylfhv dqg whvwhg lwv
suhglfwlrqv xvlqj sdqho gdwd rq X1V1 IGL1 Wkh prgho zdv edvhg rq wzr nh| fkdudfwhulvwlfv ri
surgxfhu vhuylfhv/ qdpho| wkdw wkhlu surgxfwlrq lqyroyhv hfrqrplhv ri vfdoh dqg wkdw wkhlu txdolw|
lv gl!fxow wr dvfhuwdlq sulru wr sxufkdvh1 Wkh lqdelolw| hvshfldoo| ri qhz orfdo fxvwrphuv wr yhuli|
txdolw| jlyhv ulvh wr d prudo kd}dug sureohp= wr vdyh frvwv surgxfhu vhuylfh surylghuv pd| eh
whpswhg wr orzhu txdolw| zlwkrxw lqiruplqj fxvwrphuv1 Dqwlflsdwlqj wklv sureohp dqg qrw nqrzlqj
txdolw|/ fxvwrphuv pd| sxufkdvh orfdoo| surylghg orz0txdolw| vhuylfhv hyhq li wkh| zrxog qrw gr
vr xqghu frpsohwh lqirupdwlrq1 Wkh sdshu vkrzv wkdw wklv lqirupdwlrqdo eduulhu wr hqwu| lv hdvlhu
wr ryhufrph lq pdunhwv lq zklfk wkhuh lv d vljql￿fdqw suhvhqfh ri grzqvwuhdp lqyhvwruv iurp wkh
vhuylfh ￿upv*v rzq frxqwu|1 Wkhvh ￿upv duh pruh olnho| wr eh deoh wr dvfhuwdlq txdolw| dqg wkxv
udlvh wkh lqfhqwlyh iru vhuylfh surylghuv wr r￿hu kljk txdolw|1 Wklv lq wxuq pdnhv orfdo ￿upv pruh
olnho| wr ex|/ wrr1 Iru rxu vdpsoh ri X1V1 IGL wklv phdqv wkdw krvw pdunhw vl}h vkrxog kdyh d
odujhu h￿hfw rq X1V1 surgxfhu0vhuylfh IGL li wkh udwlr ri X1V1 pdqxidfwxulqj IGL wr krvw pdunhw
vl}h h{fhhgv d fulwlfdo ohyho1 Zh irxqg wkdw wklv dqg rwkhu suhglfwlrqv ri wkh prgho duh frqvlvwhqw
zlwk wkh gdwd iru ￿exvlqhvv vhuylfhv￿1
Wkh fxuuhqw sdshu h{dplqhg wkh ￿ghpdqg￿ olqndjh ehwzhhq pdqxidfwxulqj IGL dqg surgxfhu
vhuylfh IGL1 Krzhyhu/ lq wkh prgho wkh sulfh lqgh{ iru surgxfhu vhuylfhv lv ghfuhdvlqj lq wkh
qxpehu ri pxowlqdwlrqdo vhuylfh surylghuv/ uh hfwlqj wkh idfw wkdw glyhuvlw| lq kljk0txdolw| vhuylfhv
lv ghvludeoh iurp d pdqxidfwxuhu*v srlqw ri ylhz1 Wklv vxjjhvwv wkdw wkhuh vkrxog dovr eh d ￿frvw￿
olqndjh iurp surgxfhu vhuylfh IGL wr pdqxidfwxulqj= dq lqfuhdvh lq wkh ydulhw| ri surgxfhu vhuylfhv
dydlodeoh lq wkh krvw frxqwu| uhgxfhv d pdqxidfwxuhu*v frvw wkhuh dqg khqfh pdnhv wkh frxqwu| d
pruh dwwudfwlyh orfdwlrq iru ixuwkhu pdqxidfwxulqj lqyhvwphqw1 Zkhwkhu wklv lqyhvwphqw wdnhv wkh
irup ri pdqxidfwxulqj IGL ru dq h{sdqvlrq ri wkh krvw0frxqwu| lqgxvwu|/ ru erwk ^vhh Pdunxvhq
dqg Yhqdeohv +4<<<, iru d uhodwhg sdshu‘ lv dq lvvxh ohiw iru ixwxuh uhvhdufk1
5:'$ # #     (
Wkh suredelolw| wkdw dq xqlqiruphg pdqxidfwxuhu ex|v iurp d vhuylfh vxevlgldu| lv ￿1 D vhuylfh
vxevlgldu| lv lqgl￿huhqw ehwzhhq vhoolqj kljk dqg orz txdolw|/ li
+s￿ ￿ f￿,s3j
￿ tj
￿￿￿+QU .￿QL,[+t￿>￿￿>z,@+ s￿ ￿ f,,s3j
￿ tj
￿￿￿￿QL[+t￿>￿￿>z,= +59,
Vroylqj iru ￿ dqg xvlqj +48, jlyhv wkh a ￿ lq +46,1 Wkh suredelolw| wkdw d vhuylfh vxevlgldu| surylghv
kljk txdolw| lv jlyhq e| %= Dq xqlqiruphg pdqxidfwxuhu lv lqgl￿huhqw ehwzhhq ex|lqj d vhuylfh iurp




zkhuh [+f,>￿,>z, @ dujpd{fi+4 ￿ [,[ ￿ +z . ￿,f,,[j= Zh fdq uhzulwh wklv htxdwlrq dv=
+4 ￿ z ￿ ￿￿t￿ ￿ +4 ￿ %,+￿, ￿ ￿￿,f,,
2 @ +4 ￿ z ￿ ￿,f,,
2= +5;,
Lw lv hdvlo| yhul￿hg wkdw wkhuh h{lvwv d xqltxh a % 5 +3>4, iru zklfk +5;, krogv1 Vroylqj iru wklv ydoxh/
zh rewdlq +45,1
)!    $ # #     (
Wkh gdwd lv gudzq iurp wkh Vxuyh| ri Fxuuhqw Exvlqhvv +VFE,/ Wkh Ghsduwphqw ri Frpphufh Dq0
qxdo Uhsruwv rq wkh Rshudwlrqv ri X1V1 Sduhqw Frpsdqlhv dqg Wkhlu Iruhljq D!oldwhv/ Lqwhuqdwlrqdo
Ilqdqfldo Vwdwlvwlfv +LIV,/ wkh Zruog Ghyhorsphqw Lqgh{ +ZGL,/ dqg Wudqvsduhqf| Lqwhuqdwlrqdo*v
Fruuxswlrq Lqgh{1 Wkh VFE dqg Dqqxdo Uhsruw surylgh doo ri rxu IGL gdwd1 Wkrxjk wkhvh gdwd
vrxufhv vx￿hu iurp plvvlqj gdwd +vrph gdwd duh vxssuhvvhg wr dyrlg glvforvxuh ri lqglylgxdo frp0
sdqlhv,/ zh vwloo ehqh￿w e| xvlqj wkh vdph vrxufhv iru doo ri rxu IGL gdwd1 Zh uho| rq wkh LIV dqg
wkh ZGL iru rwkhu gdwd rq h{fkdqjh udwhv/ sulfh lqglfhv/ JGS dqg JGS shu fdslwd1 Ilqdoo|/ wkh
fruuxswlrq lqgh{ phdvxuhv krz wudqvsduhqw d frxqwu|*v srolflhv dqg uhjxodwlrqv duh1
Zh frqvwuxfw wkh yduldeohv dv iroorzv=
￿ Wkh Vxuyh| ri Fxuuhqw Exvlqhvv +VFE, sxeolvkhv wkh vwrfn ri vhuylfh dqg pdqxidfwxulqj IGL
lq fxuuhqw X1V1 grooduv1 Zh xvh wkh X1V1 JGS sulfh gh dwru wr gh dwh wkhvh dprxqwv wr 4<<3
X1V1 grooduv1
5;￿ Krvw lqfrph lv phdvxuhg e| JGS dqg JGS shu fdslwd lq 4<<3 X1V1 grooduv e| wkh ZGL dwodv
phwkrg/ zklfk vprrwkv h{fkdqjh udwh  xfwxdwlrqv/ lq rughu wr doorz ehwwhu frpsdulvrqv ri
JGS shu fdslwd ryhu wlph1
￿ Lqyhvwphqw uhvwulfwlrqv wr IGL lv d vxemhfwlyh phdvxuh wkdw zh frqvwuxfw iurp glvfxvvlrqv ri
frxqwulhv* gluhfw lqyhvwphqw uhjxodwlrqv sxeolvkhg lq wkh LPI*v Dqqxdo Uhsruwv rq H{fkdqjh
Duudqjhphqwv dqg Uhvwulfwlrqv1 Zh hvwdeolvk jhqhudo fulwhuld e| zklfk zh mxgjh wkh IGL
uhvwulfwlrqv ri hdfk frxqwu| lq whupv ri zkhwkhu IGL kdv wr eh uhylhzhg dqg dffhswhg ru mxvw
uhsruwhg/ zkhwkhu wkhuh duh olplwv rq lqlwldo lqyhvwphqwv/ dqg zkhwkhu wkhuh duh uhvwulfwlrqv
rq uhsdwuldwlrq ri wkh fdslwdo lqyhvwphqw ru sur￿wv1 Orzhu ydoxhv duh dvvrfldwhg zlwk ihzhu
uhvwulfwlrqv dqg kljkhu ydoxhv duh dvvrfldwhg zlwk pruh uhvwulfwlrqv1 Wkh uhvwulfwlrqv h{dplqhg
zhuh qrw vshfl￿f wr vhuylfh lqgxvwulhv1 Lqvwhdg/ wkh| dssolhg wr doo IGL1 Gdwd lv qrw dydlodeoh
iru vhuylfh lqgxvwulhv dorqh1
￿ Fxowxudo vlplodulw| lv phdvxuhg e| krz wkh krvw frxqwu| frpsduhv wr wkh X1V1 lq irxu fxowxudo
dvshfwv +odqjxdjh/ uholjlrq/ hwkqlflw|/ dqg srolwlfdo v|vwhp,1 Hdfk frxqwu| lv jlyhq dq lqwhjhu
ydoxh uh hfwlqj krz pdq| vlplodulwlhv lw kdv zlwk wkh X1V1 edvhg rq wkhvh fulwhuld1 Djdlq/
kljkhu ydoxhv lqglfdwh pruh vlplodulwlhv1
￿ Wkh fruuxswlrq lqgh{ lv wdnhq gluhfwo| iurp wkh wdeohv sxeolvkhg e| Wudqvsduhqf| Lqwhuqd0




^4‘ Edjzhoo/ N1 +4<<3,/ ￿Lqirupdwlrqdo surgxfw gl￿huhqwldwlrq dv d eduulhu wr hqwu|/￿ Lqwhuqdwlrqdo
Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq ;/ 53:￿5561
^5‘ Edjzhoo/ N1 +4<<4,/ ￿Rswlpdo h{sruw srolf| iru d qhz0surgxfw prqrsro|/￿ Dphulfdq Hfrqrplf
Uhylhz ;4/ 4489￿449<1
^6‘ Edlq/ M1/ 4<89/ Eduulhuv wr Qhz Frpshwlwlrq/ / Fdpeulgjh/ PD= Kduydug Xqlyhuvlw| Suhvv1
5<^7‘ Edqghud/ Y1Q1 dqg M1W1 Zklwh +4<<5,/ ￿X1V1 Gluhfw Lqyhvwphqwv dqg Grphvwlf Pdunhwv lq
Hxursh1￿ lq= Xqlwhg Qdwlrqv Fhqwuh rq Wudqvqdwlrqdo Frusrudwlrqv +XQFWF,/ Ghwhuplqdqwv
ri Iruhljq Gluhfw Lqyhvwphqw= D Vxuyh| ri wkh Hylghqfh1
^8‘ Exfk/ Fodxgld P1 +5333,/ ￿Zk| gr Edqnv Jr DeurdgB Hylghqfh iurp Jhupdq Gdwd/￿ Ilqdq0
fldo Pdunhwv/ Lqvwlwxwlrqv dqg Lqvwuxphqwv/ iruwkfrplqj1
^9‘ Fdyhv/ Ulfkdug H1 +4<<9,/ Pxowlqdwlrqdo Hqwhusulvh dqg Hfrqrplf Dqdo|vlv/ 5qg hg1 Fdpeulgjh
Xqlyhuvlw| Suhvv/ Fdpeulgjh1
^:‘ Fohjj/ Mhuhp| +4<<5,/ ￿H{sodlqlqj Iruhljq Gluhfw Lqyhvwphqw Iorzv/￿ lq= S1M1 Exfnoh| dqg
P1 Fdvvrq +hgv1,/ Pxowlqdwlrqdo Hqwhusulvhv lq wkh Zruog Hfrqrp|/ Hvvd|v lq Krqru ri Mrkq
Gxqqlqj/ Hgzdug Hojdu Sxeolvklqj/ Olplwhg1
^;‘ Gdylv/ Hydq/ Jhudog Kdqorq/ dqg Mrkq Nd|1￿Zkdw Lqwhuqdwlrqdolvdwlrq lq Vhuylfhv Phdqv= wkh
Fdvh ri Dffrxqwdqf| lq wkh X1N1 dqg Luhodqg1￿ lq= Krzdug Fr{/ Mhuhp| Fohjj/ dqg Jud}ld
Lhwwr0Jloolhv +hgv1,/ Wkh Jurzwk ri Joredo Exvlqhvv/ Urxwohgjh/ Qhz \run/ 4<<61
^<‘ Gxqqlqj/ Mrkq K1 +4<<6,/ ￿Pxowlqdwlrqdo Hqwhusulvhv dqg wkh Jurzwk ri Vhuylfhv= Vrph Frq0
fhswxdo dqg Wkhruhwlfdo Lvvxhv1￿ Wudqvqdwlrqdo Frusrudwlrqv lq Vhuylfhv1 Hg1 Nduo S1 Vdydqw
dqg Sdgpd Pxoodpsdoo|1 Urxwohgjh1
^43‘ Hwklhu/ Z1M1 +4<;9,/ ￿Wkh Pxowlqdwlrqdo Ilup1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 4341
^44‘ Iduuhoo/ M1 +4<;9,/ ￿Prudo kd}dug dv dq hqwu| eduulhu/￿ Udqg Mrxuqdo ri Hfrqrplfv 4:/ 773￿77<1
^45‘ Iudqfrlv/ Mrvhsk/ I1 +4<<3d,/ ￿Surgxfhu Vhuylfhv/ Vfdoh/ dqg wkh Glylvlrq ri Oderu/￿ R{irug
Hfrqrplf Sdshuv/ 75/ :480:5<1
^46‘ Iudqfrlv/ Mrvhsk/ I1 +4<<3e,/ ￿Wudgh lq Surgxfhu Vhuylfhv dqg Uhwxuqv Gxh wr Vshfldol}dwlrq
Xqghu Prqrsrolvwlf Frpshwlwlrq/￿ Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 56+4,/ 43<04571
^47‘ Iudqfrlv/ Mrvhsk/ I1 +4<<3f,/ ￿Wudgh lq Qrqwudgdeohv= Sur{lplw| Uhtxluhphqwv lq wkh Sdwwhuq
ri Wudgh lq Vhuylfhv/￿ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplf Lqwhjudwlrq/ 8+4,/ 640791
^48‘ Iudqfrlv/ Mrvhsk/ I1 +4<<6,/ ￿H{sodlqlqj wkh Sdwwhuq ri Wudgh lq Surgxfhu Vhuylfhv1 Lqwhuqd0
wlrqdo Hfrqrplf Mrxuqdo/￿ :+6,/ 560641
63^49‘ Iudqfrlv/ Mrvhsk/ I1 +4<<8,/ ￿G|qdplf H￿hfwv ri Wudgh lq Ilqdqfldo Vhuylfhv/￿1 Lqwhuqdwlrqdo
Hfrqrplf Mrxuqdo/ <+6,/ 40471
^4:‘ Ixmlwd/ P1/ S1 Nuxjpdq dqg D1 Yhqdeohv +4<<<,/ Wkh Vsdwldo Hfrqrp|= Flwlhv/ Uhjlrqv/ dqg
Lqwhuqdwlrqdo Wudgh/ Fdpeulgjh/ PD= PLW Suhvv1
^4;‘ Ixndr/ N|rml dqg Nhlnr Lwr +5333,/ ￿Iruhljq Gluhfw Lqyhvwphqw dqg Vhuylfh Wudgh= Wkh Fdvh
ri Mdsdq/￿ Klwrwvxedvkl Xqlyhuvlw|/ plphr1
^4<‘ Jurvvpdq/ J1P1 dqg K1 Kruq +4<;;,/ ￿Lqidqw0lqgxvwu| surwhfwlrq uhfrqvlghuhg= Wkh fdvh ri
lqirupdwlrqdo eduulhuv wr hqwu|/￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 436/ :9:￿:;:1
^53‘ Khdg/ N1/ M1 Ulhv dqg G1 Vzhqvrq +4<<8,/ ￿Djjorphudwlrq ehqh￿wv dqg orfdwlrq fkrlfh= Hyl0
ghqfh iurp Mdsdqhvh pdqxidfwxulqj lqyhvwphqwv lq wkh Xqlwhg Vwdwhv/￿ Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv 6;/ 556￿57:1
^54‘ Khospdq/ H1 dqg S1U1 Nuxjpdq +4<;8,/ Pdunhw Vwuxfwxuh dqg Iruhljq Wudgh/ Fdpeulgjh/ PD=
PLW Suhvv1
^55‘ Kruvwpdqq/ L1 dqg M1U1 Pdunxvhq +4<;:d,/ ￿Vwudwhjlf Lqyhvwphqwv lq wkh Ghyhorsphqw ri
Pxowlqdwlrqdov/￿ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 5;+4,/ 43<0541
^56‘ Kruvwpdqq/ L1 dqg M1U1 Pdunxvhq +4<;:e,/ ￿Olfhqvlqj yv1 Iruhljq Gluhfw Lqyhvwphqw= d Prgho
ri Lqwhuqdwlrqdol}dwlrq e| wkh Pxowlqdwlrqdo Hqwhusulvh/￿ Fdqdgldq Mrxuqdo ri Hfrqrplfv 531
^57‘ Lqwhuqdwlrqdo Prqhwdu| Ixqg1 Dqqxdo Uhsruw rq H{fkdqjh Duudqjhphqwv dqg Uhvwulfwlrqv/
4<::￿4<<81
^58‘ Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<:,/ Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv/ FG0Urp1
^59‘ Pdunxvhq/ M1U1 +4<;<,/ ￿Wudgh lq Surgxfhu Vhuylfhv dqg Rwkhu Vshfldol}hg Lqwhuphgldwh Lq0
sxwv/￿ Dphulfdq Hfrqrplf Uhylhz :</ ;8￿<81
^5:‘ Pdunxvhq/ M1U1 +4<<8,/ ￿Wkh Erxqgdulhv ri Pxowlqdwlrqdo Hqwhusulvhv dqg wkh Wkhru| ri Lq0
whuqdwlrqdo Wudgh/￿ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv </ 49<￿4;<1
^5;‘ Pdunxvhq/ M1U1 dqg D1M1 Yhqdeohv +4<<<,/ ￿Iruhljq Gluhfw Lqyhvwphqw dv d Fdwdo|vw iru Lqgxv0
wuldo Ghyhorsphqw/￿ Hxurshdq Hfrqrplf Uhylhz 76/ 668￿6891
64^5<‘ Pdunxvhq/ M1U1/ W1I1 Uxwkhuirug dqg G1 Wduu +4<<<,/ ￿Iruhljq Gluhfw Lqyhvwphqw lq Vhuylfhv
dqg wkh Grphvwlf Pdunhw iru H{shuwlvh/￿ plphr1
^63‘ Ud￿/ K1 dqg \1 Nlp +4<<<,/ ￿Rswlpdo H{sruw Srolf| lq wkh Suhvhqfh ri Lqirupdwlrqdo Eduulhuv
wr Hqwu| dqg Lpshuihfw Frpshwlwlrq/￿ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 7</ <<￿4561
^64‘ Vdylq/ Q1H1 dqg N1M1 Zklwh +4<:;,/ ￿Whvwlqj iru Dxwrfruuhodwlrq zlwk Plvvlqj Revhuydwlrqv/￿
Hfrqrphwulfd 8<￿9:1
^65‘ Vfkpdohqvhh/ U1 +4<;5,/ ￿Surgxfw Gl￿huhqwldwlrq Dgydqwdjhv ri Slrqhhulqj Eudqgv/￿ Dphulfdq
Hfrqrplf Uhylhz :5/ 67<￿6981
^66‘ Whusvwud/ Y1 dqg F1P1 \x +4<;;,/ ￿Ghwhuplqdqwv ri Iruhljq Lqyhvwphqw ri X1V1 Dgyhuwlvlqj
Djhqflhv/￿ Mrxuqdo ri Lqwhuqdwlrqdo Exvlqhvv Vwxglhv 4</ 66￿791
^67‘ Wluroh/ M1 +4<;;,/ Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq +PLW Suhvv/ Fdpeulgjh PD,1
^68‘ Wudqvsduhqf| Lqwhuqdwlrqdo Fruuxswlrq Lqgh{/ kwws=22zzz1wudqvsduhqf|1gh2
^69‘ Xqlwhg Qdwlrqv Fhqwuh rq Wudqvqdwlrqdo Frusrudwlrqv +XQFWF, +4<;<,/ Iruhljq Gluhfw Lq0
yhvwphqw dqg Wudqvqdwlrqdo Frusrudwlrqv lq Vhuylfhv1
^6:‘ Xqlwhg Qdwlrqv Fhqwuh rq Wudqvqdwlrqdo Frusrudwlrqv +4<<5,/ Ghwhuplqdqwv ri Iruhljq Gluhfw
Lqyhvwphqw= D Vxuyh| ri wkh Hylghqfh1
^6;‘ Xqlwhg Qdwlrqv Fhqwuh rq Wudqvqdwlrqdo Frusrudwlrqv +XQFWF, +4<<3,/ Wudqvqdwlrqdo Fru0
srudwlrqv/ Vhuylfhv/ dqg wkh Xuxjxd| Urxqg1
^6<‘ Xqlwhg Qdwlrqv Fhqwuh rq Wudqvqdwlrqdo Frusrudwlrqv +XQFWF, +4<<6,/ Wkh Wudqvqdwlrqdo0
l}dwlrq ri Vhuylfh Lqgxvwulhv1
^73‘ Xqlwhg Qdwlrqv Frqihuhqfh rq Wudgh dqg Ghyhorsphqw +XQFWDG, +4<<7,/ Olehudol}lqj Wudgh
lq Vhuylfhv= D Kdqgerrn +Xqlwhg Qdwlrqv/ Qhz \run dqg Jhqhyd,
^74‘ Xqlwhg Vwdwhv Ghsduwphqw ri Frpphufh/ Vxuyh| ri Fxuuhqw Exvlqhvv/ ydulrxv lvvxhv iurp 4<::0
4<<91
65^75‘ Xqlwhg Vwdwhv Ghsduwphqw ri Frpphufh/ Rshudwlrqv ri X1V1 Sduhqw Frpsdqlhv dqg Wkhlu
Iruhljq D!oldwhv/ 4<;604<<81
^76‘ Xqlwhg Vwdwhv Ghsduwphqw ri wkh Wuhdvxu|1 Uhsruw wr Frqjuhvv rq Iruhljq Jryhuqphqw Wuhdw0
phqw ri X1V1 Frpphufldo Edqnlqj Rujdql}dwlrqv1 Zdvklqjwrq G1F1= Jryhuqphqw Sulqwlqj
R!fh1 4<:<1
^77‘ Xqlwhg Vwdwhv Ghsduwphqw ri wkh Wuhdvxu| +4<;9,/ Uhsruw wr Frqjuhvv rq Iruhljq Jryhuq0
phqw Wuhdwphqw ri X1V1 Frpphufldo Edqnlqj Rujdql}dwlrqv= 4<;9 Xsgdwh1 Zdvklqjwrq G1F1=
Jryhuqphqw Sulqwlqj R!fh1
^78‘ Xqlwhg Vwdwhv Ghsduwphqw ri wkh Wuhdvxu| +4<<3,1 Uhsruw wr Frqjuhvv rq Iruhljq Jryhuq0
phqw Wuhdwphqw ri X1V1 Frpphufldo Edqnlqj Rujdql}dwlrqv= 4<<3 Xsgdwh1 Zdvklqjwrq G1F1=
Jryhuqphqw Sulqwlqj R!fh1
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